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SUMMARY 
From 18-21 April 1996, students in a Utah State University class (Aquatic Ecology 
Laboratory; FW 560) measured limnological and fisheries characteristics in two side canyons 
(Halls Creek Bay and Moki Canyon) and the main channel of Lake Powell. Inclement weather 
precluded sampling of two other side canyons. Most of the sub-projects, directed by indiVIdual 
students, addressed the following two hypotheses: (1) productivity gradients existed from the 
inflows of the side canyons toward the main channel and; (2) productivity was higher in the side 
canyons than in the main channel of the lake. In most cases, parameters were measured at 3-5 
stations in each side canyon. 
Near the inflows, Secchi depths were near 1.0 m in both side canyons, but increased 
rapidly and were greater than 10m in the main channel. Similarly, vertical light extinction 
coefficients ranged from 0.9 (Halls) and 1.6 (Moki) near the inflows, to 0.29 in the main channel. 
The estimated depth of the photic zone (1 % light) increased from 3 to 16 m along the gradients. 
Suspended inorganic sediments (SS) contributed significantly to the extinction of light: near the 
inflows SS ranged from 152 to 216 mg/L, whereas in the main canyon levels were near 70 mglL. 
Conductivity measurements indicated that side canyons were relatively well mixed: higher 
conductivities indicative of non-mixed conditions occurred only at depths> 40 m. Oxygen levels 
were above 75% of saturation at all depths in the side canyons. The lowest oxygen levels (66%) 
were found in the deep monomolimnion of the main channel. Measurements of total phosphorus 
suggested that levels were near 20 J.1g/L in the main channel, and increased to near 70 J.1g/L near 
the inflow of Moki Canyon. Phosphorus measurements in Halls Creek Bay were unsuccessful. 
Measurements of chlorophyll a in phytoplankton were hampered by equipment failures, 
but relative values for total chlorophyll (a + phaeopigments) of stored samples were obtained. 
Chlorophyll concentrations decreased 3.3-fold from the inflows in both Moki Canyon and Halls 
Creek Bay to the main channel, and these decreases were significantly correlated with increases in 
phosphorus. An in vitro nutrient addition bioassay indicated that phosphorus was the primary 
limiting nutrient for phytoplankton growth, stimulating chlorophyll levels approximately 80% 
above controls after a 7 -day incubation period. Nitrogen appeared to stimulate the algae after 3 
days of incubation, but after 7 days it caused a slight inhibition. 
Chlorophyll levels of epilimnetic periphyton were very low, averaging 1 /lg/cm2 . In Moki 
Canyon periphyton (ChI. a) was higher at 0.5 m than at 1.5 m, but in Halls Creek Bay there was 
no significant difference between depths. In Moki Canyon periphyton levels increased between 
0.5 and 2.0 km from the creek inflow, but then decreased in the main channel. In Halls Creek 
Bay, the reverse pattern was found, with chlorophyll levels highest near the inflow, decreasing 
along the canyon, and then increasing markedly in the main channel. The influence of light 
limitation in the constricted Moki Canyon and the affects of wind-induced scour in the more open 
Halls Creek Bay may explain the different patterns observed. 
Benthic invertebrate biomass in the main channel of the lake was extremely low « 0.05 g 
dry wt/m2) , with oligochaetes and chironomid larvae dominating. In Moki Canyon there was a 
gradient in biomass from near the inflow (0.28 g/m2) to 2 km down-channel (0.07 g/m2) , but the 
high variance between replicates made this difference statistically insignificant. In Halls Creek 
Bay, benthic invertebrate biomass was significantly correlated with the proportion of organic 
material in the substrate. 
At the time of the study, the zooplankton community was dominated by Daphnia pulex, 
D. galeata, and calanoid and cyclopoid copepods. Net plankton biomasses in the side canyons 
were between 0.2 and 2 g/m3, with the highest densities occurring near the inflows. In the side 
canyons zooplankton biomass was positively correlated with chlorophyll levels, suggesting that 
"bottom-up" forces controlled plankton abundance. 
Hydroacoustic estimates of pelagic fish indicated that abundances decreased nearly 
exponentially from 780/ha near the inflow of Halls Creek Bay to < 1 OO/ha in the main channel. In 
Moki Canyon abundances were over 1000/ha 2 km from the inflow, decreased markedly to 
140/ha at 2.5 km, and then increased towards the confluence with the main channel. Overall, 
abundances were 6-times greater near the stream inlets of both side canyons as compared to the 
remainder of each canyon and its adjacent main channel. 
Fish gill netting in the side canyons was limited due to logistical constraints. Analysis of 
March catch data from the main channel provided by the Utah Division of Wildlife Resources 
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indicated that relative biomass was higher in Padre Bay than at Rincon or Good Hope Bay. 
Analysis of length-weight relationships of walleye indicated that, contrary to expectations based 
on trophic gradients, condition factors were higher in the less-productive Padre Bay than at the 
other locations. Our April catch rates in the side canyons were higher than at most of the DWR 
main-channel sites, but lower than the anomalously-high Padre Bay catches. 
In summary, most parameters indicated that the side canyons of Lake Powell are more 
productive than the main channel of the reservoir. We hypothesize that nutrient loading from 
inflows, more effective recycling of nutrients in the shallower side canyons, and more littoral 
zone cover for fishes promote this increased productivity. 
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Figure 1 a. Map of Lake Powell showing major side canyons and bays. Numbers in -
parentheses indicate distances (in miles) from the dam along the river channel. 
Figure 1 b. Expanded view of the study sites in Halls C.reek Bay and Moqui Canyon. 
(provisional map provided by the Glen Canyon Environmental Studies Center (Bureau of Reclamation) 
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CHAPTER ONE 
Physical and chemical gradients in two tributary canyons 
of Lake Powell 
By Bryce A. Boho 
Chapter 1 - Physical and Chemical Gradients 
ABSTRACT 
Physical and chemical profiles were measured on two tributary canyons of Lake Powell April 
19-21, 1996. The two canyons studied were Halls Creek Bay and Moki Canyon. The variables 
measured at these sites were: temperature, oxygen, conductivity, light intensity, Secchi depths, 
and suspended sediments. The purpose of this study was to document the trophic gradients within 
these canyons and to evaluate their relative contributions to the physical and chemical conditions 
found in the main channel of the reservoir. 
The limnology of Lake Powell is influenced by the hydrodynamics of the rivers that fill the 
reservoir. Nearly all of the previous research on Lake Powell has been focused on the physical 
and chemical gradients that exist within the main channel of the reservoir. This study however, 
focused on the physical and chemical gradients that exist within two side-canyons of Lake Powell. 
Gradients were measured from the mouth of the tributary down canyon to the main reservoir. 
During the study period, these two tributaries were not contributing appreciable amounts of 
dissolved solids (i.e. salinity) to the main channel, nor were they contributing much of the total 
sediment load to the reservoir. The data show that Halls Creek Bay and Moki Canyon have 
dissimilar chemical and physical gradients. The distinct gradient in each canyon is likely a result 
of differences in morphometry and exposure to wind. The data suggest that less convective and 
advective mixing occurs in Moki Canyon than occurs in Halls Creek Bay. Because of a lack of 
mixing in Moki Canyon, this canyon may be more limited by nutrients such as nitrogen, 
phosphorus, and silica than is Halls Creek Bay. 
INTRODUCTION 
The purpose of this section is to summarize the relevant information on the physical and 
chemical parameters collected in Halls Creek Bay and Moki Canyon for the Lake Powell class 
research proj ect. 
2 
Temperature 
Water temperature is an important factor in determining the occurrence, growth rate, feeding, 
reproduction, and metabolic rate of aquatic communities (Moss 1980; Wetzel and Likens 1991; 
Horne and Goldman 1994). Temperature also plays a major role in the establishment of seasonal 
thermal stratification in lakes and reservoirs (Horne and Goldman 1994). Therefore an 
understanding of the temperature distribution in Lake Powell is critical in determining the 
chemical, biological, and biogeochemical processes that are occurring. 
-Oxygen 
Oxygen in water is available in a dissolved form and is referred to as dissolved oxygen (DO). 
Oxygen gas dissolves into water from the atmosphere or as a by-product of photosynthesis (Moss 
1980; Wetzel and Likens 1991; Horne and Goldman 1994). 0?Cygen is taken up by aquatic 
organisms for respiration. DO levels are therefore a good measure of the trophic state of water 
bodies (Horne and Goldman 1994). 
Water has a limited amount of dissolved oxygen that it can hold at anyone time. The 
concentration of oxygen in water varies with temperature, salinity, and atmospheric pressure 
(Horne and Goldman 1994). Levels of dissolved oxygen decrease as water temperature increases 
(Wetzel and Likens 1991; Horne and Goldman 1994). These factors determine the highest DO 
level possible under a given set of environmental conditions; this level is called saturation (Horne 
and Goldman 1994). 
Conductivity 
Conductivity is a rapid way to estimate the amount of dissolved solids in a liquid. It is a 
numerical expression of the ability of an aqueous solution to carry and electrical current 
(Golterman, et al1978; Stednick 1991). This property is related to the total concentration of 
ionized substances and their respective concentrations, mobility, valence, and to the temperature 
at which the measurement is made. The higher the concentration of charged solutes, the higher 
the conductivity. 
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Total dissolved solids (TDS) can be estimated from conductivity measurements (Golterman, et 
a11978; Stednick 1991). TDS is defined as the material left behind after a water sample is filtered 
and evaporated. In general, the TDS of a solution can be found by multiplying conductivity in 
~mhos/cm by 0.67 to get TDS in ppm (Stednick 1991). 
Determining accurate factors for converting salinity values to conductivity is possible only 
from experimentation for each water body (Campbell and Wildberger 1992). For the purpose of 
this study, it will be assumed that higher levels of conductivity indicate higher levels of salinity. 
Light Intensity 
The penetration of light into the water column is vital to the existence of freshwater 
ecosystems (Wetzel and Likens 1991; Horne and Goldman 1994). The behavior of both higher 
and lower organisms is strongly influenced by the strength of the underwater light field (Horne 
and Goldman 1994). Within water, light is rapidly attenuated with increasing depth. The result is 
selective absorption, scattering, and attenuation with increasing depth. The rate and amount of 
attenuation and absorption depends upon the physical, chemical, and biological properties within 
the water column (Wetzel and Likens 1991). 
Aquatic organisms can utilize low levels of light to carry on biochemical processes. In order to 
estimate the photic depth (depth that light supports photosynthesis) it is common to measure the 
depth at which light drops to 1 % of surface intensities. The strata above this 1 % light levels is 
considered the photic zone. 
The amount of suspended sediments in water (turbidity) affects the depth at which light can 
penetrate water. A common method of estimating the turbidity of water is through the use of a 
Secchi disk. Secchi depths are obtained by measuring the depth at which a "target" disappears 
from sight. This depth is recorded as a Secchi depth. 
HYPOTHESES TESTED 
The following hypothesisses were made to guide the field portion of ~his project. They were 
phrased as null hypotheses and were tested in the experimentation segment of this project. They 
are given under the parameter to be studied. 
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TEMPERATURE 
Null Hypothesis # 1: Water temperature profiles will not be uniform from top to bottom in the 
side-canyons to Lake Powell. . 
Null Hypothesis #2: Water temperature profiles will not show the formation of a thermocline. 
OXYGEN 
Null Hypothesis #3: The DO levels in both the tributaries and main reservoir will not drop below 
aerobic levels (DO> 3 mg/l). 
CONDUCTIVITY 
Null Hypothesis #4: There will be no difference in conductivity between the tributaries and the 
. . 
maln reservoIr. 
LIGHT PROFILES 
Null Hypothesis #5: The thickness of the photic zone will not vary with distance away from the 
tributary. 
TURBIDITY 
Null Hypothesis #6: Secchi depths will not vary with distance away from the tributary. 
Null Hypothesis #7: Suspended sediments will not decrease as distance from the mouths of the 
tributaries increases. 
MATERIALS AND METHODS 
Field Instruments 
Dissolved oxygen, temperature, and conductivity profiles were measured in the field with a 
YSI temperature, dissolved oxygen, and conductivity meter. Light extinction was measured with 
aLi-Cor Li-l 000 radiometer utilizing a 4n sensor that measured photosynthetic active radiation 
(400 - 700 nm). Transparency was measured using a 20-cm Secchi disk, or a white dinner plate 
that was recruited after the Secchi disk joined the profundal community. Suspended sediment 
samples were collected from the surface (grab sample) in a triple-rinsed one-liter bottle. 
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Field Methods 
Dissolved oxygen, temperature, and conductivity vertical profiles were measured using the 
same meter and probe. The probe was lowered from a boat and depths were recorded from the 
water surface using a calibrated cable. The first reading was made just under the water surface 
(approximately O.3m). Readings were taken at regular intervals through the water column until 
the bottom was reached or until the niaximum length of cable was reached (60m). 
Light intensities were measured in a manner similar to conductivity, temperature, and dissolved 
oxygen. Light profiles were taken using a radiometer to obtain measurements of light intensities 
in ~E/m2-sec. The meter was lowered into the water column and depth was recorded using a 
calibrated cable. The first reading was taken just under the water surface (approximately O.3m). 
Underwater values were received from a photocell (sea cell) and were matched with the ambient 
surface light (deck cell). Light levels were recorded in 0.5 - 1.0 meter intervals through the wake 
column until either the bottom was reached or until the sea cell recorded light to 1 
~E.m--2.sec- l . When clouds 'and shading were not a problem, only one deck cell reading was 
taken and was applied to all sea cell readings, thus shortening the recording time without affecting 
accuracy. 
Secchi depths were recorded at periodic intervals along the length of each side canyon. The 
disk was lowered down on the shaded side of the boat (to prevent glare). The Secchi depth was 
determined by lowering the disk on a calibrated line until it just disappeared from sight. The 
depth (distance from disk to the surface of the water) was noted and the disk was slowly raised 
until" it reappeared. The depth was noted again and the average of the two readings was recorded 
in meters. If the Secchi disk reached the bottom before disappearing, the Secchi depth is greater 
than the water depth and a notation was added to the notes. 
Analysis Methods 
The percent of surface intensity was plotted against depth on a log scale to determine the depth 
at which light decreased to 1 % of the surface intensity ( compensation point). The extinction 
coefficient was calculated for each vertical profile (Horne and Goldman 1994). Some variation in 
DO and temperature readings may have occurred as a result of the time of day the samples were 
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collected. The lowest DO and temperature readings likely occurred in the mornings (due to 
respiration and limited solar heating) and the highest readings may have occurred just after "solar 
noon" (due to photosynthesis and solar heating). These differences were recognized, not 
corrected for. The following questions will be answered from this data: 
1 )Does the change in DO distribution with depth suggest the presence of an orthocline, 
clinograde, or a +/ - heterograde? 
2)Does the change in temperature distribution with depth suggest the presence of a thermocline? 
3)Does the vertical distribution of conductivity suggest the presence of a chemocline? 
4)How does the depth of the photic zone change as distance from the tributaries increases? 
RESULTS 
Temperature 
Because Lake Powell is a monomictic lake, there is continuous convective mixing in the upper 
layers during the cool winter months. Lake Powell is also meromictic, which means that at some 
depth, there is a resistance to mixing due to an increase in density (i.e. salinity). In the main 
reservoir, the lower water column consists of two parts: a region of rapid temperature loss with 
depth (metalimnion), and below that a region of relatively constant temperature with increasing 
depth (hypolimnion). From Figures 1 and 2, it appears that Moki Canyon retains a certain amount 
of stratification even during the winter months (Figure 1). This is in contrast with Halls Creek 
Bay which appears to be well mixed (Figure 2). The surface temperatures in Moki Canyon were 
1 0 - 2 0 C warmer at the surface than in Halls Creek Bay (Figures 1 and 2) . The thermocline in the 
main reservoir was near 40 meters (Figure 1). 
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Figure 1. Isopleths oftemperature caC) for Moki Canyon. Note the 
difference in surface temperatures as compared to Halls Creek Bay (Figure 
2). 
Figure2. Isopleths oftemperature CC) for Halls Creek Bay. Due to 
limited time and poor weather, a complete longitudinal profile was not 
possible. 
Oxygen 
The bottom waters in Lake Powell remain essentially aerobic (i.e., >3mg/1 DO) year-round. 
This is due to advective circulation generated by saline underflows from the Colorado and San 
Juan Rivers. The advective circulation overcomes the lack of deep convective mixing during the 
spring. It was, therefore, not surprising to see dissolved oxygen percent saturation levels over 
60% even below the thermocline (~40m)(Figures 3 and 4). Halls Creek Bay had surface layer of 
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Figure 3. Dissolved oxygen percent saturation (DO%) isopleths in 
Moki Canyon. Note that surface oxygen levels drop as distance 
increases towards the main reservoir. 
supersaturation (i.e., DO%> 100) (Figure 4). This 
was unlike the surface conditions in Moki Canyon 
where 'oxygen saturation did not exceed 100%. 
Th~ temperature isopleths also indicate that more 
mixing is occurring in Halls Creek Bay which is 
indicated by deeper levels of 90-1 00% saturation. 
In Halls Creek Bay this level extended to a depth 
of 18 meters whereas in Moki it only extended to 
roughly 8 meters (Figures 3 and 4). 
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Conductivity 
Freshet flows from tributaries tend to 'dilute 
dissolved solid concentrations as a result of flow 
variabilities. While tributary streams such as 
Moki and Halls Creek Bay may have higher 
concentrations of dissolved solids, their annual 
flow-weighted contributions are insignificant 
compared to the contributions of the Colorado 
River (Stanford and Ward 1991). Conductivity 
isopleths for the two side canyons (Figures 5 
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Figure 4. Dissolved oxygen percent saturation (DO%) isopleths in 
Halls Creek Bay. Note that there is a surface layer of supersaturation 
down to ::: 2.5 meters. 
and 6) indicate that the tributaries were not significantly affecting salinities. However, closer to 
the main reservoir along the Moki Canyon gradient, there was evidence of a chemocline at 
roughly 25 meters (Figure 5). This chemocline is probably a result of the influence of the 
Colorado River. 
Light penetration Secchi depths, and Suspended sediments 
Light extinction coefficients decreased with distance from the tributaries (Figures 5 and 6). As 
in most lakes, there was an exponential decrease in transmitted light as a function of depth in 
accordance with the equation: Iz = 10 e-nz. Where Iz is the' light intensity at depth z, lois the 
intensity at the surface, z is the depth of the water column, and n is the extinction coefficient. A 
consequence of a higher extinction coefficient is that light does not penetrate to a great depth, the 
converse is also true in that a lower extinction coefficient indicates that light does penetrate to a 
deeper depth. The extinction coefficient was highest (lowest light transmission) at the head of 
Moki Canyon (Figure 5) and decreased with distance away from the tributary. Halls Creek Bay 
also had a high extinction coefficient (Figure 6) near the tributary and decreased with distance but 
was still lower than what was measured in Moki. The trend in the light extinction coefficients 
matches that of the Secchi depths and that of the photic depths (see Appendix). 
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Suspended sediments were measured along the same gradient as the other parameters. The 
results show what would be expected: Moki Creek has its watershed in very erosive geology and 
therefore carries a higher suspended sediment load as compared to Halls Creek Bay which drains 
the less erosive Waterpocket Fold (Figures 7 and 8). 
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Figure 7. Suspended sediment amounts in Moki Canyon. This graph Figure 8. Suspended sediment amounts in Halls Creek Bay. Note that 
represents the amount of inorganic material carried in suspension at the although Halls has less total sediment transported to it from the tributary, 
sunace of the water. there is more in suspension at 2km. This may be a result offmer material 
that does not settle out or that mixing keeps sediment in suspension longer. 
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DISCUSSION 
Many investigators have looked at the trophic gradients within the main channel of Lake 
Powell and those results have to some degree been extrapolated to the side-canyons. Based upon 
the results of this study, the physical and chemical gradients within these tributary canyons are 
unlike those found in the main channel, nor are they the same between all side-canyons. The 
tributaries appear to be contributing less dissolved solids than was expected. The variation 
between side-canyons may be due to differences in convective mixing. The lack of convective 
circulation in Moki Canyon can be attributed to the fact that virtually all of the shoreline is vertical 
cliff and that the width of the canyon seldom exceeds Y2 km. This re~uces the wind-driven 
circulation and allows for stratification to persist presumably for much of the year. The lack of 
mixing may limit the nutrient availability in the epilimnion during summer months. Halls Creek 
Bay is unique in that it has a gradient much like the main reservoir. The Bay is wide with 
infrequent vertical cliffs, therefore there is much more exposure to wind~driven convective 
mixing. Nutrients are more likely to be evenly distributed in the epilimnion and the 
supersaturation of oxygen observed in the epilimnion may suggest active phytoplankton 
production. 
Due to time and poor weather conditions, Halls Creek Bay was not adequately sampled along 
its length. This limited the amount of information that could be extrapolated from the data. It 
would be beneficial to have conductivity measurements along the entire length to determine to 
what extent this bay is meromictic. Based on the results from Moki Canyon, I would expect to 
see .a chemocline extend into the bay at a depth of approximately 25 meters. It appears that the 
Bay is well mixed above this layer. 
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CHAPTER TWO 
Phosphorus Gradients Between Two Side Canyons 
in Lake Powell 
By Jai-ku Kim 
Chapter 2 - Phosphorus Gradients 
ABSTRACT 
As one of the FW 560 class projects, the distribution of total phosphorus (TP) in Lake 
Powell was studied in two side canyons(Halls Creek Bay and Moki Canyon) from April 17-21, 
1996. Analytical difficulties precluded drawing strong inferences from the data. Nevertheless, the 
results suggested that the TP was evenly distributed in Halls Creek Bay, except at the head of the 
canyon site. In Moki Canyon, however, the distribution of TP showed different aspects compared 
to those of Halls Creek Bay. The concentration ofTP rapidly decreased at 6 km from the Main 
Channel in Moki Canyon. In spite of this difference, there was no significant difference found in 
TP levels between the two side canyons. In the depth profile, the distribution of TP at river mile 
(RM) 93 and 99 was also very similar, except at the surface sample of RM 93. From these results, 
we can expect that the phosphorus dynamics of the main channel can be affected by two side 
canyons. The amount of TP in Halls Creek Bay was not slgnificantly correlated with chlorophyll-
a. In Moki Canyon, however, the TP and chlorophyll-a were significantly correlated. 
INTRODUCTION 
After construction of Glen Canyon Dam in 1963, Lake Powell became the second largest 
reservoir in the U.S. (maximum depth, 171m; Mean, 57m (Figure 1)). The Colorado and San Juan 
rivers are the primary hydrological sources contributing about 96% of the input to the reservoir. 
Climatically, this area shows typical desert characteristics. According to the 25 years record at 
Page, AZ, the mean annual precipitation is less than 150 mm and the range of water temperature 
varies from 6 to 27° C in a year (Blinn et al. 1976; Gloss et al. 1980; Potter and Drake 1989; 
Stanford and Ward 1991). Stanford and Ward (1991), moreover, talked about limnological and 
biological aspects, in which various nutrients were evenly distributed during the winter and spring 
because of seasonal destratification. In Lake Powell, the spring runoff may also play an 
important role in nutrient cycling in the epilimnion (Gloss et aI. 1980). 
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Fig. 1. Map of Lake Powell. X indicates the sampling 
sitesat each side canyon. 
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Phosphorus is an important growth-limiting nutrient for phytoplankton in aquatic ecosystems. 
Among the three types of phosphorus, only dissolved phosphorus is used directly for algal growth 
(Goldman and Horne 1983). 
In general, the concentration of total phosphorus (TP) in an aquatic ecosystem is 
proportional to the amount of phytoplankton, so the cycling of phosphorus in lakes or reservoirs 
is an important indicator of phytoplakton productivity (Gloss et al. 1977; Goldman and Horne 
1983 ; Kimmel et al. 1990). 
The trophic gradients of Lake Powell have been well investigated annually along the in main 
channel of Lake Powell by U.S .U. researchers. They found that the concentrations of phosphorus 
were uniformly distributed during spring, except at the point of river mile 150. The regression 
results between total phosphorus versus chiorophyll-a showed positive relationship (Wurtsbaugh 
1994, Wurtsbaugh and Steinhart 1995). 
Each of the numerous side canyons of Lake Powell, acting as a point source, may have a 
limnological influence on main channel. The main purpose of this research was to investigate the 
relationship between side canyons and the main channel based on the distribution of total 
phosphorus along the river. 
METHODS 
Limnological sampling had been done in Lake Powell to characterize different nutrient 
gradient within the lake from April 1 7 to April 21, 1996. This research mainly focused on three 
different areas; Halls Creek Bay, Moki Canyon, and the Main Channel. Water samples were 
taken at each side canyon along gradients measured rom main channel (Figure 1). To make a 
vertical profile of TP concentration, depth samples were conducted in two main channel sites 
(River Miles 93 and 99). 
Water Sampling 
Water samples for chemical analysis were collected at the surface at each sampling site. A 
Van Dorn water sampler was used to take samples from specified depths in the main channel. 
Water sampling in the main channel was done at five depths(O, 5, 10, 15, and 20 m) to compare 
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the concentration of TP at each depth in the main channel. The sampled water was stored in acid-
washed polyethylene bottles and placed in an ice chest for preservation (Strickland and Parson 
1972; Vincent et al. 1984; Wetzel and Liken 1991). The samples, however, did not freeze until 
they were returned to USU in Logan 2-3 days after collection. 
Chemical Analysis 
The collected samples at each sampling site were analyzed by the single reagent ascorbic 
acid method using ammonium persulfate (U.S. EPA 1974; Strickland and Parson 1972; Wetzel 
and Liken 1991). Two replicate samples were separately stored from each sample site or depth. 
Total Phosphorus 
Before analyzing the concentration ofTP, frozen water samples were thawed at room 
temperature for three hours. After taking a 20-ml water sample, potassium persulfate and surfuric 
acid (0.45 N) were added to the sample, and then it was autoc1aved for 20 minutes to aid in the 
digestion of the organic materials. After cooling the samples, a color developer, which is 
composite reagents of molybdate solution, sulfuric acid, antimonyl-tartrate solution, and ascorbic 
acid, was added to each sample. After 10 minutes, specific absorbance was recorded at 880 nm in 
a 1 cm cell. To make a standard curve, standard solution was prepared from standard stock 
solution. A Standard curve was created from standard solution (0, 10, 25, 40, 50 and 80 ug/l) 
(Figure 2). The absorbance from standard solution was plotted to calculate sample concentration. 
RESULTS 
Total Phosphorus 
Measured total phosphorus concentrations were relatively uniform in Halls Creek Bay, 
except near the inflow at the head of the canyon. In Moki Canyon, however, the highest 
concentration of TP was near the head of the canyon, and then rapidly decreased toward the main 
channel. The TP concentration was the lowest near the main channel in Moki Canyon (Figure 3). 
The depth profiles of TP concentrations at RM 93 and 99 differed slightly. Variability between 
replicates was relatively high in some cases making it difficult to determine exact patterns. 
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Additionally, concentrations were very high (22-44 ~g/L) for Lake Powell suggesting some 
analytical error. 
TP and Chlorophyll-a relationship 
In Halls Creek Bay, the TP was not highly correlated with chlorophyll-a (r=0.409; p>0.05). 
In Moki Canyon, however, the result of regression showed a strong correlation between TP and 
chlorophyll-a (r=0.899; p<O.Ol) (Figure 5). 
DISCUSSION 
The results of TP concentration were much higher than those of previous research data 
conducted by U. S. U. research, 1995 because we did not consider the turbidity effect of each 
sample in this experiment. 
The low concentration of TP at the head of Halls Creek Bay Canyon was likely an 
experimental mistake (Figure 3), because water at this site was very turbid, probably as a result of 
high wind mixing the previous day, and input from Halls Creek. The TP concentrations between 
the two side canyons were not significantly different along the side-canyon channels (ANOVA : 
F1 ,8 = 0.095, p=0.765). 
In this analysis, there were several sources of error. First, we ignored the concentration of 
total nitrogen, so we do not know a TN/TP ratio at each sampling site. The second problem was 
contamination that likely occurred in many of the procedures because it is oile of most common 
elements around us. Actually, several samples were contaminated in this experiment, including 
some standard samples. 
The third problem was sample replication. Two replications of each sample were not enough 
to estimate average concentration in this experiment because of possible contamination. We need 
more than three replicates per sample to reduce error. Another problem was the running 
condition of each sample. In our experiment, unfortunately, all samples were not measured under 
the same condition because of experimental equipment problems. These possible sources of errors 
greatly affected the experimental results. 
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Standard Phosphorus Regression Output: 
Constant 0.005192 
TP(u~II) Abs. Std Err of Y Est 0.006371 
0 0.0015 R Squared 0.956419 
10 0.0145 No. of Observations 6 
25 0.0245 Degrees of Freedom 4 
40 0.0505 
50 0.056 X Coefficient(s) 0.000919 
80 0.0725 Std Err of Coef. 9.81E-05 
APPENDIX 8 ( TP Analysis) 
Continued 
Hall's Canyon TP Depth Profile (Main Channel) 
S~te Sampling Running Blank Sample B-A TP (ug/l) Depth Sampling Running Blank Sample B-A 
TP(ug/l) 
date date Abs .(A) Abs.(B) date date Abs.(A) Abs.(B) 
0.5km 4-19-96 5-14-96 0.068 0.122 0.054 52 .29 Om 
4-19-96 5-14-96 0.068 0.102 0.034 31.48 RM93 4-19-96 5-14-96 
0.068 0.122 0.054 52.29 
3km 4-19-96 5-14-96 0.072 0.13 0.058 56.46 4-19-96 
5-14-96 0.068 0.102 0.034 31.48 
4-19-96 5-14-96 0.072 0.1 0.028 25.23 RM99 4-21-96 5-14-96 0.069 
0.089 0.02 16.9 
6km 4-19 -96 5-13-96 0.072 0.108 0.036 33 .56 4-21-96 
5-14-96 0.069 0.099 0.03 27.31 
4-19-96 . 5-13-96 0.072 0.122 0.05 48.13 5m 
9km 4-19-96 5-14 -96 0.069 0.124 0.055 53.33 RM93 4-19-96 
5-14-96 0.069 0.094 0.025 22.11 
4-19-96 5-14-96 0.069 0.106 0.037 34.6 4-19-96 5-14-96 
0.069 0.101 0.032 29.4 
10km 4-19-96 5-7 -96 0.071 0.088 0.017 13.78 RM99 4-21-96 5-13-96 
0.072 0.104 0.032 29.4 
4-19-96 5-7-96 0.071 0.088 0.017 13.78 4-21-96 5-13-96 
0.072 0.104 0.032 29.4 
10m 
RM93 4-19-96 5-13-96 0.068 0.095 0.027 24.19 
Moqui Canyon 4-19-96 5-13-96 0.072 0.107 
0.035 35.52 
RM99 4-21 -96 5-13-96 0.068 0.099 0.031 28.35 
Site Sampling Runn ing Blank . Sample 8 -A TP (ug/l) 4-21-96 5-13-96 0.068 0.099 0.031 28.35 
date date Abs .(A) Abs.(B) 15m 
0.5km 4-20-96 5-14-96 0.069 0.089 0.02 16.9 RM93 4-19-96 5-14-96 
0.072 0.104 0.032 29.4 
4-20-96 5-14-96 0.069 0.099 0.03 27.31 4-19-96 5-14-96 0.069 
0.109 0.04 37.72 
1km 4-20-96 5-14-96 0.069 0.09.7 0.028 25.33 RM99 4-21-96 5-13-96 0.072 
0.102 0.03 27.91 
4-20-96 5-14-96 0.069 0.096 0.027 24.19 4-21-96 5-13-96 0.072 
0.101 0.029 26.27 
3km 4-20-96 5-14-96 0.069 0.101 0.032 29.4 20m 
4-20-96 5-14-96 0.069 0.101 0.032 29.4 RM93 4-19-96 5-14-96. 0.069 
0.094 0.025 22.11 
6km 4-21-96 5-13-96 :0 0.068 0.136 0.068 66.87 4-19-96 5-14-96 
0.069 0.108 0.039 36.68 
4-21-96 5-13-96 0.068 0.141 0.073 72.08 RM99 
8km 4-21-96 5-13-96 0.072 0.123 0.051 49.17 
4-21-96 5-13-96 0.072 0.129 0.057 55.42 
./ 
APPENDIX C (TP vs Chi-a) 
Hall's Canyon Regression Output: 
TP(ug/l) Chl-a(ug/l) Constant 2.284609 
0 31.48 5.3 Std Err of Y Est 3.237197 
52.29 9 R Squared 0.409692 
3 33.56 12 No. of Observations 8 
48.13 13.4 Degrees of Freedom 6 
7 25.23 6 
56.46 13.1 X Coefficient(s) 0.208551 
9 34.6 12.9 Std Err of Coef. 0.102199 
53.53 16.5 
Moqui Canyon Regression Output: 
TP(ug/l) Chl-a(ug/l) Constant 2.156836 
0 16.9 9 Std Err of Y Est 2.522797 
27.31 10.9 R Squared 0.899469 
24.19 7.2 No. of Observations 8 
25.23 8.9 Degrees of Freedom 6 
3 29.4 15.6 
29.4 12.4 X Coefficient( s) 0.335457 
6 72.08 24 Std Err of Coef. 0.045784 
66.87 27 
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CHAPTER THREE 
Nutrient Limitation and Algal Growth 
By Alicia M. Austin 
and Jai-ku Kim 
Chapter 3 - Nutrient Limitation and Algal Growth 
ABSTRACT 
Three treatments were applied to water samples from the main channel of Lake Powell and 
Moki Canyon to determine nutrient limitation of algae. Treatments included addition of nitrogen, 
phosphorous, nitrogen + phosphorous, and control in an in vitro bioassay. Chlorophyll levels 
were measured on days 0,3, and 7. Algal production responded most strongly to phosphorous + 
nitrogen additions on days 3 and 7, followed by phosphorus additions on day 7. Nitrogen 
appeared to increase algae biomass on day 3, but not on day 7. Similar responses patterns were 
found for both sites. Results indicate phosphorus limitation in both the main channel and Moki 
Canyon. 
INTRODUCTION 
Research of Lake Powell Reservoir was conducted to measure the trophic gradient (along 
the main channel), primary productivity, and nutrient limitation. Changes in nutrient availability 
along side canyons, however, has not been thoroughly studied. The effects of nutrient availability 
on phytoplankton along side canyons also warrants further study. As a part of a class project for 
Fisheries and Wildlife 560, we conducted a bioassay analysis on Moki Canyon and water from the 
main channel, near the mouth of Halls Creek Bay to determine the limiting nutrient's 
phytoplankton primary productivity. 
Determining trophic gradients in lakes, including Lake Powell, has always been of funda-
mental importance to the field of limnology. Gloss et al. (1980) measured silica, phosphorous (P), 
nitrogen (N), and primary productivity (PPR) in Lake Powell. They found P to be the primary 
limiting nutrient for phytoplankton growth. They also found higher P levels at inflows, compared 
to mainstream flow, but lower productivity; productivity was suppressed by high turbidity levels. 
Wurtsbaugh et al. (1995) also found P to be the primary liming nutrient in Lake Powell. Their 
results show a decreasing gradient of total P and soluble reactive phosphorous (SRP) from the 
inflow of the Colorado· and along the length of Lake Powell. A similar pattern was recorded for 
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algal biomass measured with chlorophyl a concentration. Wurtsbaugh et al. (1992) also found P 
as the primary liming nutrient for algal growth in Lake Powell with N as the secondary limiting 
nutrient. 
Dillon and Rigler (1974) conducted studies on 19 lakes in Ontario to confirm the strong 
relationship between chlorophyll a concentration and phosphorous. Where N was not limiting, P 
could be used to predict chlorophyl a as a measure ofPPR. Smith (1982) expanded and modified 
the models first proposed by Dillon and Rigler (1974) to predict chlorophyll levels based on N :P 
ratios. He found that N can ~odify a lake's response to P and affect the trophic status of the lake 
even if the lake is P limited. Smith also found correlations between shifting phytoplankton 
community structure and nutrient availability. 
Wurtsbaugh (1988) found nitrogen was the limiting nutrient in three lakes in the Rocky 
Mountain area. Vincent et aI. (1988) found N deficiencies in Lake Titicaca. However, nutrient 
limitation varied seasonally according to mixing, stratification, light, sampling sight, etc. Nitrogen 
was hypothesized to be the most frequently limiting nutrient in tropical waters. It was suggested 
that P- limited lakes are overemphasized, whereas N-limited lakes are more globally limiting then 
previously assumed. Elser et al. (1995) found that phytoplankton growth in Castle Lake, 
California responded most to P+ N enrichments in bioassay analyses rather than individual N or P 
enrichments. They emphasized the importance of studying Nand P limitations separately and also 
as an interacting pair. Lehman and Branstrator (1994) also found algal biomass responded to N 
singularly or in combination with P and sulfur. In this case, nutrient dynamics had a very 
important impact on bottom-up control of the system. 
METHODS 
We randomly chose two sampling sites, one in the main channel near Halls Creek Bay, and 
one approximately 1 km up Moki Canyon (Appendix 1). Surface water was collected and stored 
in 9-L polyethylene cubitainers. The cubitainers were stored on ice to keep the water close to lake 
temperature until laboratory analysis. We separated the water samples into twelve quart jars, each, 
with 500 ml/ jar. Jars were divided into groups of three for nutrient additions. The four groups 
were: P, N, P+N, and control. Each group had three replicates. The samples were incubated 
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under a light intensity of approximately 140 microeinsteins m-2.sec-1. Jars were shaken and 
randomly rearranged twice each day. Chlorophyll concentrations were measured on days 0, 3, 
and 7. Fifty milliliters from each jar were filtered using a 0.45 Millipore filter, then placed in 
methanol buffered MgC03 for chlorophyll extraction. Extracted solution was measured with a 
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Phytopllankton followed the same pattern in the main channel as 
Moki canyon. Results indicate P limitations of algal productivity. 
Vertical lines represent SD's of%. 
mpdel430 spectrofluorometer, with excitation 
and emission at 440 and 671 nm' s respectively. 
On day 0, we measured chlorophyll levels 
without any nutrient additions, taking three 
replicates from both Moki and the main channel. 
RESULTS 
In order to analyze relationships of primary 
productivity from day a to day 7, we expressed 
results as % of controls (Figures 1 and 2). We 
utilized the formula: 
(Concentration of sample * 100) - 100 
(Avg. Concentration in controls) 
This formula designates controls equal to O. Sample values represent the percentages above 
or below control values. Both Moki Canyon and the main channel bioassays produced similar 
results. On day 0, chlorophyll levels were the lowest for the 7-day period in both sampling areas. 
On day 3, chlorophyll levels responded most to N+P additions, followed by N and then P 
additions. On day 7, algal productivity was greatest again for N+P additions, but this time 
followed by P additions, and substantially less by N additions (Figures 1 and 2). 
Although the algae responded faster to N additions than P additions, later analyses proved P 
to be the primary limiting nutrient. However, on all days, N+P additions caused the greatest 
increase in chlorophyll levels. 
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It would appear that chlorophyll levels decreased in the N treatments from day 3 to day 5. 
This occurred relative to the controls, but in actuality, chlorophyll levels increased from day 3 to 
day 5 (Appendix, 2), though not as significantly as P or N+P additions. 
We measured data accuracy using a standard deviation (SD). For main channel day 3, SD's 
were highest for P and N+P additions yet still relatively close to the control and N additions 
(Appendices 2 and 4). SD ' s for day 7 were generally higher than day 3, with P and N+P additions 
having the highest SD' s. Moki channel exhibited similar trends. Controls and N+P treatments 
were highest for day 3, and P and N+P additions were highest for day 7 (appendices 2, and 3). 
-Wurtsbaugh et al.(1992) found similar responses (high variance for P and N+P, and lower 
variance for N and control). 
Moqui canyal 
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Phytoplankton abundance represented in % above or below controls. 
Horizontal line represents control values. Phytoplankton increased 
greatest for P+N additions on days 3 and 7, followed by N additions 
on day 3 and P additions on day 7. Results indicate P limitation of 
algal growth. Vertical lines represent SD's of %. 
Statistical significance was determined by 
using an analysis of variance (ANaYA). On day 
3, the main channel appeared to be significantly 
inhibited by both N and P additions (ANaYA: F 
3,68=19.80, P<.0005). On day 7, however, it 
changed to P or P+N limitation (ANaYA: F 3, 
68=46.55, P<0.001). In Moki Canyon no 
substantial differences among the treatments were 
observed on day 3 (ANaYA: F3 , 8=2.95, 
P=0.099). This, however, changed as the system 
was P limited on day 7 (ANaYA: F3 , 8=42.09, 
P<0.00005). 
DISCUSSION 
This experiment contained more than one possible source of error. First of all, we ignored 
the Lake Powell TN:TP ratio . Because the bioassay is based on the total N:total P ratio, and we 
neglected TN, results may be biased. The study also includes possible sample degradation for 
main channel samples as they were taken 2 days before Moki channel samples and five days 
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before the bioassay was started. However, despite these possible errors, a strong relationship 
between nutrient additions and algal biomass was observed. 
Algal productivity took longer to respond to P than N additions. However, once it 
responded to P additions, it was evident P was the single limiting nutrient in both Moki and the 
main channel. These results are consistent with other studies showing P limitations in the 
reservoir (Gloss et al. 1980). As a pair, N+P additions sparked the most productivity - which may 
lead one to believe N was limiting. This phenomenon, however, may be accounted for by two 
reasons. First, as P is continually added in single P treatments, the water becomes depleted in 
other nutrients such as nitrogen. As a result, N+P additions provide for the induced depletion of 
N. Secondly, Elser et al. (1990), suggests that N and P should not be studied separately but 
instead as an interacting pair; together they provide for increased algal growth. This confirmed 
research by Smith (1.982), where N influenced chlorophyll concentrations even in systems where 
only P was limited (N changed the lakes response to P). 
CONCLUSION 
The results of this study, showing P limitations in both Moki and the main channel have 
significant implications for management in both the Lake Powell system and other lentic 
environments. Other important nutrients, however, must not be neglected. Interacting 
relationships of Nand P as well as silica, iron, and magnesium may be important constituents of 
systems - though not limiting. 
Although this study focused on nutrient limitation of algal growth, many different facets of 
aquatic environments also influence growth, e.g. temperature, light, and grazing. Thus, these 
results and results from other studies must be integrated with any other influence on algal growth 
occurring in a specific system to ensure thorough management practices. 
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Appendix 2 
Regression Output: Day 0, TFU Chlor. Avg Chlo % of Contro STD % Error 
4-23-96 micrgrllit micrgr/lit 
Constant 4.15 Moqui 1 40.20 271 .57 266.55 1.88 5.58 2.09 
Std Err of Y Est 2.66 Moqui 2 39.90 269.31 1.04 
R Squared 0.95 Moqui 3 38.50 258 .76 -2.92 
No. of Observations 7.00 main 1 39.10 263 .28 263 .28 0.00 0.62 0.23 
Degrees of Freedom 5.00 Main 2 39.20 264 .04 0.29 
Main 3 39 .00 262.53 -0.29 
X Coefficient(s) 0.13 
Std Err of Coef. 0.01 
Main Channel TFU Chlor Avg Chlor Avg. T % Contro STD % Error 
4-26-96 micrgr/lit microllit 
P 30.50 198.49 206.03 31 .50 -13.31 6.15 2.99 
32.50 213 .56 
31.50 206 .03 
N 34.00 224.86 224.11 33.90 -5.71 2.22 0.98 
34 .20 226 .37 
33.50 221 .09 
N+P 35.00 232.40 238.67 35.83 0.42 6.40 2.99 
35.50 236.16 
37.00 247.46 
Can 36.00 239.93 237.67 35.70 0.00 3.20 1.34 
35.10 233 .15 
36.00 239.93 
Main Channel 
4-30-96 TFU Chiaro. Avg. Chlor Avg. T % Contro STD % Error 
microgllit microgllit 
P 53.10. 368.76 415.97 59.37 54.03 45.39 10.91 
67.50 477.25 
57.50 401 .91 
N 37.50 251.23 250.48 37.40 -7.25 5.26 2.10 
36.50 243.70 
38 .20 256.50 
N+P 72.00 511.15 519.94 73.17 92 .52 9.89 1.90 
75.00 533.75 
72.50 514.92 
Can 44.00 300.20 270.07 40.00 0.00 24 .61 9.11 
40.00 270.07 
36.00 239.93 
Moqui TFU Chlor Avg Chlor Avg TF % Contro STD % Error 
4-26-96 micgrllit micgr'lIit 
P 25.50 160.82 167.10 26.33 5.72 80.88 5.31 
25.50 160.82 
28 .00 179.66 
N 27.50 175.89 178.65 27.87 13.03 5.58 3.12 
27.20 173.63 
28.90 186.44 
N+P 30.30 196.99 197.24 30.33 24.79 13.23 8.37 
28.20 181 .17 
32.50 213 .56 
Can 25.00 157.06 158.06 25.13 0.00 22.16 14.02 
21.60 131.44 
28.80 185.69 
Moqui TFU Chlor Avg Chlo Avg TF % Contro STD. % Error 
4-30-96 micgrllit micgrllit 
P 43.00 292.67 282.87 41 .70 33.71 6.93 2.45 
41.10 278.35 
41 .00 277.60 
N 31 .50 206.03 204.77 31 .33 -3.21 1.78 0.87 
31 .50 206.03 
31 .00 202 .26 
N+P 63.00 443.35 399.40 57.17 88.79 38.70 9.69 
50.50 349.17 
58.00 405.68 
Can 32.00 209.79 211 .55 32.23 1.55 0.73 
32.20 211 .30 
32.50 213.56 
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CHAPTER FOUR 
Periphyton Abundance in Lake Powell 
By Jessica Erickson 
/ 
Chapter 4 - Periphyton Abundance 
ABSTRACT 
Research was conducted during April 1996 comparing physical, chemical, and biological . 
gradients along the side-canyons of Lake Powell to those characteristics in the main channel. This 
study focused on the productivity gradients of periphyton in the littoral zone. Periphyton 
chlorophyll a levels were low, averaging 1.1 ~g cm2. Total average chlorophyll in Moki Canyon 
increased in the first 2 km away from the inflow, then decreased at the confluence with the main 
channel. Total average chlorophyll in Halls Creek Bay decreased toward the main channel and 
then significantly increased in a sheltered bay on the main channel. Therefore, it is apparent that a 
gradient does exist along the side canyons of Lake Powell, and that these canyons may differ from 
the main channel. 
INTRODUCTION 
The littoral zone is the interface between land and water which provides the habitat for 
periphyton production. A well-developed littoral zone is spatially complex with a variety of 
microhabitats for the colonization of periphyton. Submerged macrophytes, particulate detritus, 
and inorganic substrates provide surfaces for the colonization of algae which contribute to the 
primary productivity of aquatic systems. The high productivity of living orgamc matter and 
subsequent accumulations of detritus are important sources of food for zooplankton, 
invertebrates, and fish (Wetzel et al., 1991). 
The interrelationship between littoral organisms and environmental gradients are not well 
understood (Wetzel et al., 1991). Therefore, it was my intent to quantify periphyton production 
along varying environmental gradients in Lake Powell. The littoral zone of Lake Powell is 
composed of rockfalls, sandy beaches, and nearly 54% vertical cliff. Fluctuating lake levels, due to 
varying dam releases, continually modify littoral habitats. The high water line is often marked by 
epilithic algae which oxidize during the drawdown period leaving a white ring (Stanford et aI., 
1990). Flood events may affect light and nutrient levels necessary for periphyton in the riverine 
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zones of reservoirs . Periphyton abundance may also be affected by wave scouring and grazing 
pressure from benthic invertebrates and fish. Under these environmental conditions, an effective 
quantitative analysis of periphyton is difficult. 
The objectives of this research were to determine whether periphyton abundance varied along 
side-canyon gradients and if periphyton abundance in the side-canyons varied from that of the 
main channel. Abundance of periphyton was also compared at different depths. Periphyton 
gradients were then compared with other factors to determine if correlations existed. These 
factors include: rock area, Secchi depth, suspended sediment levels, total reactive phosphorous 
. (TRP), and phytoplankton abundance. 
METHODS 
Several different methods may be used to estimate periphyton abundance. Cell counting is the 
most accurate, but extremely laborious. The species may be separated and measured 
volumetrically which is even more time consuming. Another technique is to combust and weigh 
the organic matter to determine the amount of carbon. However, this method measures not only 
periphyton, but the entire aufwuchs community. I estimated periphyton abundance by determining 
relative chlorophyll a concentration. 
Epilithic periphyton was sampled in Moki Canyon and Halls Creek Bay on April 19th and 
20th 1996, approximately 2 weeks after the reservoir was lowered 1 m as part of the experimental 
flood of the Grand Canyon (Figure 14). Sampling locations were 0.5, 1.0, 2.0 km from the river 
inflow and at the mouth of each canyon. Using snorkeling gear, we collected samples at two 
depths (0.5 and 1.5 m) with four replicates taken from each location resulting in 64 samples. A 
transect was established perpendicular to the shoreline at each site. Rocks 1 to 5 cm in diameter 
were collected carefully to minimize periphyton loss upon retrieval. The rocks were immediately 
placed into containers with lake water and sealed with lids. The containers were stored on dry ice 
for the remainder of the .field research. The samples were then placed in plastic bags without the 
lake water and frozen prior to analysis. It is important to store the samples in a cold dark place 
because light and warmth will degrade chlorophyll a to phaeophytin a. 
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In the laboratory, the samples were immersed in filtered MgC03-buffered methanol and 
chlorophyll was extracted for 24 h in the .dark. The rocks were then shaken prior to analysis and 
then allowed to sit for 1 hour to ensure equal chlorophyll a distribution and allow the sediment to 
settle out. The rocks were removed from the containers and rinsed with methanol to remove any 
remaining chlorophyll. The total amount of methanol used was measured in a graduated cylinder. 
Approximately 15 ml of the extract was then filtered through a micro fibre GF IF filter to remove 
turbidity. Two milliliters offiltered extract was inserted into a cuvette which was then placed into 
a spectrophotometer. 
A Spectronic 710 spectrophotometer was used to measure the absorbance of chlorophyll a 
and its degradation product phaeophytin a at wavelengths of 665 nm and 750 nm, respectively. 
Another cuvette was placed in the spectro-photometer with 2 ml of filtered buffered methanol to 
act as a blank. The instrument was zeroed between each sample to compensate for machine drift. 
Then the absorbance of the sample was measured and recorded at 665 nm (A665b) and 750 nm 
(A750b) . Next, 0.1 ml of 1 N HCL was added to the sample cuvette and mixed thoroughly. 
Coefficient extinctions were remeasured at 665 nm (A665a) and 750 nm (A750a) . The addition of 
HCI degrade all chlorophyll a to phaeophytin a. This procedure was repeated for all rock samples. 
The surface area of the rock covered by periphyton is important for calculating relative 
chlorophyll a concentration. The exposed rock surface area was calculated by taking the average 
of three lengths (L), three widths (W), three heights (H), and the perimeter (P) .. The rock area 
(cm2) was estimated by the formula: (L *W) + (0. 5H*P). Chlorophyll a and phaeophytin a 
concentrations were calculated using the following equations: 
Phaeo a (mg/cm2) = 
(k) (F) (A665b - A665a) (V) 
(Area) (Z) 
(k) (F) «R * A665a) - (A665b)) (V) 
(Area) (Z) 
A665b = Turbidity-corrected absorption at 665 nm before acidification (A665b - A750b), where 
A is the absorption value 
A665a = Turbidity-corrected absorption at 665 nm after acidification (A665a - A750a) 
k = Absorption co efficient/ cm of chlorophyll a in methanol = 11.3 
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F = Factor to equate the reduction in absorbency due to acid to initial chlorophyll 
concentration, 1.7/0.7 = 2.43 
R = Maximum ratio of A665b/ A665a in the absence of phaeopigments = 1.7 
V = Volume of extract in ml 
Area = Area of rock (cm2) 
Z = Length of light path through cuvette or cell (= 1 cm2) 
Several sources of error may have occurred during collection and, analysis. The sampling sites 
and selected rock samples were biased to some extent. Many sampling sites were st~ep and rocky 
with rocks that were two large for the container. Other sites were open sandy beaches with no 
rocks at all. Periphyton was only sampled 'on rocks between the diameters of 1 cm and 5 cm 
excluding any relationship between rock area and periphyton abundance. No samples were taken 
in inundated vegetation or on soft sediments, yet significant periphyton communities were noted 
on both of these substrates. Periphyton was often lost during collection due to water turbulence. 
After the samples were collected, they were placed in a cooler with dry ice which quickly 
disappeared. Therefore, the samples may have been insufficiently frozen resulting in premature 
chlorophyll a degradation. The samples were then analyzed four weeks after collection increasing 
the potential for degradation. 
RESULTS 
The average chlorophyll in Moki Canyon significantly increased from the river inflow 
towards the main channel (Figure 1). Chlorophyll levels in the main channel in front ofMoki 
Canyon were lower than the chlorophyll concentrations at 1.0 km and 2.0 km, yet higher than the 
sampling location nearest to the river inflow. The total average chlorophyll in Halls Creek Bay 
decreased from the river inflow towards the main channel. In the main channel, however, 
chlorophyll concentrations were higher than in Halls Creek Bay (Figure 2) . 
Average chlorophyll concentrations varied with depth in Moki Canyon and Halls Creek Bay. 
In Moki Canyon, chlorophyll was usually higher at 0.5 m than at 1.5 m. However, in the main 
channel, chlorophyll was lower at 0.5 m (Figure 3). Halls Creek Bay had higher chlorophyll 
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concentrations at 0.5 m than at l.5 m at the location nearest to the river inflow. Chlorophyll levels 
were higher at 1.5 m than at 0.5 m at all other locations including the main channel. Sampling 
variances were relatively high, however, making it difficult to determine clear trends (Figure 4) . 
Rock area was compared to chlorophyll concentrations for both canyons to determine if a 
correlation exists. A statistical regression showed an insignificant positive correlation with 
R2=0.007. This correlation did not change when each canyon was considered separately. 
A three-way analysis of variance was performed to determine if any interactions between 
canyon, location, and depth were significant (Table 1). The test showed significant variance 
between the locations in Moki Canyon and Halls Creek Bay (P<O. 01). The variance in chlorophyll 
between depths was also significant between canyons and sampling locations-- (P<O. 01). 
Secchi depth data was compared with chlorophyll concentration in both Moki Canyon and 
Halls Creek Bay. In the upper part ofMoki Canyon, Secchi depths and periphyton abundance 
were positively correlated. At 0.5 and l.0 km from the inflow, Secchi depths were only 1-2 m, 
thus restricting light penetration. Both Secchi depth and chlorophyll abundance slightly decreased 
in the main channel(Figure 5). In Halls Creek Bay, chlorophyll abundance decreased as Secchi 
depth increased toward the main channel (Figure 6). 
When suspended sediment concentrations were compared to chlorophyll concentrations in 
Moki Canyon, chlorophyll increased as sediment levels decreased toward the main channel 
(Figure 7). In Halls Creek Bay, chlorophyH decreased toward the main channel as suspended 
sediment decreased. However, chlorophyll was highest in the main channel where sediment 
concentrations were lowest (Figure 8). 
Total phosphorous decreased in Moki Canyon while periphyton abundance increased toward 
the main channel (Figure 9). In Halls Creek Bay, total phosphorous decreased as periphyton 
abundance decreased from the riv~r inflow. Total phosphorous and periphyton were both the 
highest in the main channel (Figure 10). 
Phytoplankton concentrations in Moki Canyon were high near the river inflow and rapidly 
decreased, while periphyton gradually increased (Figure 11). Phytoplankton in Halls Creek Bay 
was fairly variable while periphyton decreased toward the main channel. Phytoplankton was 
lowest and periphyton was the highest in the main channel (Figure 12). 
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In Moqui canyon, chlorophyll concentrations increased from the river inflow and then significantly decreased 
in the main channel. In Halls canyon, chlorophyll concentrations decreased form the river inflow and then 
dramatically increased in the main channel. Error bars represent 2 standard deviations (STD's) . 
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In Moqui canyon, chlorophyll levels were generally higher at 0.5 m depth near the river inflow and lower in 
the main channel. In Halls canyon, chlorophyll levels were high at 0.5 m depth nearest to the river inflow at 0.5 km 
and then were lower throughout the rest of the side-canyon and the main channel. Error bars represent 2 STD's. 
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Secchi Depth vs. Chlorophyll 
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Secchi Depth vs. Chlorophyll 
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Both Secchi depth and chlorophyll concentration in Moqui canyon increases toward the main channel. Secchi depth also 
increases in Halls canyon toward the main channel. yet chlorophyll concentrations decrease. 
Figure 7 
Suspended Sediment vs. Chlorophyll 
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Figure 8 
Suspended Sediment vs. Chlorophyll 
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In Moqui canyon. chlorophyll concentrations increase as suspended sediment concentrations decrease. In Halls canyon. 
sediment levels only slightly decrease while chlorophyll concentrations also decrease. 
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Figure 9 
TP vs. Periphyton 
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Figure 10 
TP vs. Periphyton 
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Total Phosphorous (TP) decrease in Moqui canyon as chlorophyll concentrations increased toward the main channel. 
In Halls canyon, both TP and chlorophyll concentration decreased from the river inflow and then increased in the 
main channel. 
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Phytoplankton vs. Periphyton 
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Figure 12 
Phytoplankton vs. Periphyton 
Halls 
2 4 6 8 
Distance from Inflow (km) 
10 
1-- Phytoplankton (TFU) -J[- Periphyton (ug/cm"'2) I 
Phytoplankton concentrations in Moqui canyon rapidly decreased toward the main channel as periphyton abundance 
increased toward the main channel. Phytoplankton concentrations were variable in Halls canyon, while periphyton . 
decresed toward the main channel. 
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DISCUSSION 
The limnology of Lake Powell is influenced by several factors. The reservoir is affected by its 
geology and highly dendritic morphoqletry, thus each canyon has highly variable light and nutrient 
levels. Variations in dam operation and river inflow cause fluctuations in the lake level to which 
organisms must adjust. Also the chemistry of the water is greatly affected by the inflowing rivers. 
These factors will directly determine the abundance of periphyton communities in a variety of 
ways. 
Moki Canyon is approximately 8-km long and extremely narrow. The shoreline is composed 
of primarily high vertical cliffs with occasional talus rockfalls. The entire canyon is relatively 
sheltered from large wind-driven waves which can scour periphyton communities. The high cliff 
walls restrict light from entering the canyon. Periphyton in this canyon was low near the river 
inflow and gradually increased toward the main channel. This may reflect the increasing width of 
the channel which would increase light levels. Periphyton was more abundant at 0.5 m depth at 
the sampling locations 1.0 km and 2.0 km from the inflow. The relatively low wave-action may 
have permitted higher growth in the upper 0.5 m and light may have been limiting for periphyton 
at 1.5 m. Periphyton abundance was lowest near the river inflow where suspended sediments were 
the highest. The sediments may be providing phosphorus, yet Secchi depths were very low, 
suggesting that light may be limiting periphyton in this location. 
Periphyton abundance was significantly lower at the mouth ofMoki Canyon than at site 1-2 
km from the creek inflow. Light levels at the mouth are considerably higher than in the shaded 
inner canyon, but wave scouring is also high because it is exposed. Periphyton abundance was 
lower in the upper 0.5 m than at 1.5 m suggesting that scouring may have been significant. 
Therefore, it appears light may be the primary limiting factor within the canyon, while scouring 
may be the limiting factor in the mouth of Moki Canyon. 
Halls Creek Bay is significantly wider than Moki Canyon. Halls receives more light and also 
larger waves. More than half of the shoreline is composed of exposed sandy beaches. Periphyton 
was high at the river inflow and gradually decreased toward the main channel. The inflow was 
..J 
sheltered from the strong westerly wind that proceeded our sampling by 1 day. The more open 
sites at 1-2 km may have experienced more wave action than the head of the canyon. Suspended 
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sediment levels were relatively uniform in the first 2 km from the inflow, probably due to greater 
mixing from the high winds. Secchi depths gradually increased, therefore light must not have been 
the primary limiting factor for periphyton communities. Total phosphorus was relatively uniform, 
thus may not be responsible for the decrease in chlorophyll levels. The high exposure of the 
canyon to winds may be important in limiting periphyton abundance. This hypothesis is also 
supported by higher chlorophyll levels at 1.5 m than at 0.5 m. 
The periphtyon samples were taken in the main channel on the west shore opposite Hite' s 
marina had high levels of chlorophyll. These samples were all taken in a sheltered bay which is 
popular for recreation. High recreation sites are often polluted and pr~vide nutrients for algal 
growth (Stanford et aI. , 1990). Periphyton abundance in the main channel was much higher at 1.5 
m suggesting that wave scouring may be important in the upper 0.5 m. 
There is little information about the environmental gradients of periphyton, particularly in 
Lake Powell. However, Potter and Pattison (1976) collected benthic biofilms and found an 
average chlorophyll concentration of352 mg/m2. I found an average chlorophyll concentration in 
the two canyons of only 11.4 mg/m2 . This difference may be attributed to the nutrients leached by 
wood rat (Neotoma) middens in the sampling areas of Potter and Pattison. The middens mayor 
may not have been present in Moki Canyon and Halls Creek Bay. 
Periphyton abundance in the littoral zone may have been altered by the recent experimental 
dam release from March 27 to April 6, 1996. Approximately 45,000 cfs was released for seven 
days which lowered the lake elevation a maximum of 1.2 m (3 .8 ft). (Figure 14). This eliminated a 
significant portion of the littoral zone for aquatic organisms. The periphyton samples were taken 
on April 19th and 20th, nearly two weeks after the release. Therefore, the sampled periphyton 
was originally growing at 1.67 m and 2.67 m and the flood consequently increased light and 
exposure to scouring. The dam release m~y be an important fact~r in this study determining 
periphyton gradients along side-canyons. 
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Analysis of Variance Procedure: 
Class Level Information 
Class Levels Values 
CANYON 2 Halls Moki 
LOCATION 4 ABC M 
DEPTH 2 0.5 1.5 
# of observations = 64 
Dependent Variable: CHL 
Sum of Mean 
Source OF Squares Square F Value Pr > F 
Model 15 47.87550811 3.19170054 4.07 0.0001 
Error 48 37.64984525 0.78437178 
Corrected Total 63 85.52535336 
R-Square C.V. Root MSE CHL Mean 
0.55978 I 77.98232 0.885648 1.1357031 
Dependent Variable: CHL 
Source DF Anova SS Mean Square F Value Pr> F 
CANYON 1 0.00000452 0.00000452 0.00 0.9981 
LOCATION 3 3.47222705 1.15740902 1.48 0.2330 
CANYON * LOCATION 3 25 .76115967 8.58705322 10.95 0.0001 
DEPTII 0.00000827 0.00000827 0.00 0.9974 
CANYON * DEPTH 5.50664889 5.50664889 7.02 0.0109 
LOCATION*DEPTH 3 9.76838267 3.25612756 4.15 0.0108 
CANYON * LOCATIO*DEPTH 3 3.36707705 1.12235902 1.43 0.2453 
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APPENDICES - CHAPTER FOUR 
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Periphyton Data Filtered Buffered Methanol @ 750:: .158 
Sample Date: 4/19196 and 4/20/96 
Analysis Date: 5/ 14/96 and 5/16/96 
Weather: Cloudy and cool with high winds 
~ Location S@ Depth Area ml Filt~red ml M~thanol 665b 750b 665a 750a Chi A ~ 
(km from inflow) (m) (cmA2) 
Moki Main 0.5 29 2 49 0.054 0.158 0.032 0.159 1.067 -5.192 
Moki Main 1 1.5 20 2 43.0 0.007 0.157 0.007 0.158 0.059 -0.100 
Moki Main 2 0.5 28 2 55 0.012 0.158 0.009 0.159 0.216 ..{).367 _ 
Moki Main 2 1.5 18 2 40.0 0.029 0.153 0.011 0.152 1.037 -1.763 
Moki Main 3 0.5 27 2 94.0 0.016 0.152 0.006 0.152 0.956 -1.625 
Moki Main 3 1.5 20 2 30.5 0.014 0.156 0.007 0.155 0.251 -0.427 
Moki Main 4 0.5 26 2 45.5 0.019 0.159 0.015 0.159 0.192 ..{).327 
Moki Main 4 1.5 15 2 51 .0 0.066 0.153 0.033 0.153 3.081 
-5.238 -
Moki 2.0 1 0.5 43 2 141 0.084 0.158 0.048 0.159 3.331 -5.664 
Moki 2.0 1 1.5 19 2 43.0 0.059 0.162 0.034 0.161 1.491 -2.535 
Moki 2.0 2 0.5 54 2 105.0 0.123 0.154 0.070 0.150 2.616 -4.448 
Moki 2.0 2 1.5 20 2 80.0 0.023 0.155 0.014 0.155 0.989 -1.680 -
Moki 2.0 3 0.5 23 2 60.5 0.058 0.154 0.030 0.154 2.022 -3.438 
Moki 2.0 3 1.5 15 2 41.0 0.021 0.157 0.012 0.157 0.675 -1.148 
Moki 2.0 4 0.5 59 2 154.0 0.110 0.159 0.064 0.158 3.225 -5.483 
Moki 2.0 4 1.5 31 2 66.5 0.055 0.159 0.033 0.159 1.296 -2.203 
Moki 1.0 1 0.5 16 2 29.5 0.055 0.153 0.026 0.149 1.266 -2.152 
Moki 1.0 1 1.5 53 2 165 0.039 0.158 0 .02 0.157 1.539 -2.616 
Moki 1.0 2 0.5 18 2 49.0 0.056 0.155 0.030 0.154 1.869 -3.177 
Mold 1.0 2 1.5 56 2 280 0.018 0.161 0.014 0.161 0.549 ..{).934 
Mold 1.0 3 0.5 25 2 61 .5 0.150 0.179 0.096 0.176 3.445 -5.857 
Mold 1.0 3 1.5 46 2 211 0.006 0.159 0 .004 0.159 0.252 
"{).428 
Mold 1.0 4 0.5 23 2 59.5 0.040 0.156 0.021 0.154 1.208 
-2.053 
Mold 1.0 4 1.5 37 2 70.0 0.022 0.153 0.011 0.154 0.623 
-1.060 
Mold 0.5 1 0.5 27 2 74.5 0.005 0.157 0.000 0.155 0.227 -0.386 -
Moki 0.5 1 1.5 70 2 121 0.02 0.158 0.013 0.158 0.332 
-0.565 
Moo 0.5 2 0.5 41 2 127.0 0.017 0.154 0.010 0.154 0.595 
-1.012 
Mok.i 0.5 2 1.5 33 . 2 116 0.016 0.157 0.011 0.16 0.772 -1.313 
Mold 0.5 3 0.5 51 2 169.0 0.004 0.154 0.001 0.155 0.364 
-0.619 
Mold 0.5 3 1.5 25 2 84 0.004 0.157 0.003 0.157 0.092 
-0.157 
Mold 0.5 4 0.5 20 2 32.0 0.014 0.156 0.009 0.157 0.264 
-0.448 
Moki 0.5 4 1.5 32 2 105 0.01 0.158 0.006 0.159 0.450 -0.766 
Hals Main 1 0.5 21 2 65.0 0.003 0.151 0.000 0.151 0.255 
-Q.433 
Hals Main 1 1.5 51 2 187 0.103 0.16 0.056 0.162 4.933 
-8.387 
Halls Main 2 0.5 17 2 48.5 0.017 0.161 0.009 0.159 0.470 -0.799 
Halls Main 2 1.5 35 2 74 0.041 0.158 0.024 0.158 0.987 
-1 .678 
Halls Main 3 0.5 19 2 84.0 0.047 0.156 0.025 0.157 2.792 
-4.747 
Halls Main 3 1.5 10 2 43.0 0.052 0.153 0.022 0.153 3.542 
-6.022 
Halls Main 4 0.5 48 2 137.0 0.014 0.152 0.001 0.152 1.019 
-1.732 
Halls Main 4 1.5 27 2 39.0 0.200 0.154 0.111 0.155 3.570 
-6.068 
Haas 2.0 1 0.5 42 2 111 .0 0.001 0.152 -0.005 0.147 0.073 
-0.123 
Halls 2.0 1 1.5 27 2 48.5 0.009 0.153 0.004 0.155 0.345 
-0.587 
Halls 2.0 2 0.5 22 2 56.5 0.009 0.16 0.005 0.158 0.141 
-0.240 
Haas 2.0 2 1.5 16 2 48.5 0.016 0.155 0.008 0.157 0.832 
-1.415 
Halls 2.0 3 0.5 27 2 49.0 0.004 0.153 0.001 0.153 0.149 
-0.254 
Halls 2.0 3 1.5 39 2 93.0 0.004 0.157 0.007 0.162 0.131 
-0.223 
Halls 2.0 4 0.5 30 2 142 0.001 0.156 0.001 0.155 
..{).130 0.221 
Hans 2.0 4 1.5 35 2 82.5 0.018 0.159 0.014 0.159 0.259 
-0.440 
Hans 1.0 1 0.5 26 2 29.0 0.065 0.154 . 0.037 0.150 0.735 
-1.250 
Halls 1.0 1 1.5 39 2 68 0.059 0.157 0.035 0.157 1.149 
-1 .953 
Halls 1.0 2 0.5 41 2 86.0 -0.001 0.153 -0.001 0.153 0.000 0.000 
Halls 1.0 2 1.5 25 2 68.0 -0.001 0.154 -0.005 0.154 0.299 
-0.508 
Halls 1.0 3 0.5 38 2 106 0.026 0.159 0.015 0.159 0.843 
-1.432 
Halls 1.0 3 1.5 27 2 113 0.018 0.152 0.009 0.153 1.149 
-1.954 
Halls 1.0 4 0.5 42 2 114.0 0.021 0.153 0.013 0.153 0.596 
-1.014 
HaUs 1.0 4 1.5 23 2 40.5 0.019 0.155 0.010 0.155 0.435 
-0.740 
Halls 0.5 1 0.5 37 2 100.0 0.076 0.153 0.039 0.153 2.746 
-4.668 
Halls 0.5 1 1.5 66 2 112.0 0.063 0.154 0.024 0.151 1.6n 
-2.852 
Halls 0.5 2 0.5 55 2 194 0.065 0.16 0.037 0.16 2.712 
. -4.610 
Halts 0.5 2 1.5 30 2 50.5 0.165 0.155 0.096 0.156 3.236 
-5.500 
Hans 0..5 3 0.5 43 2 94.0 0.000 0.153 -0.001 0.153 0.060 
-0.102 
Hans 0.5 3 1.5 34 2 156 0.006 0.158 0.004 0.158 0.252 
-0.428 
Halls 0.5 4 0.5 33 2 121 0.017 0.159 0.007 0.159 1.007 -1.712 
Halls 0.5 4 1.5 33 2 84.0 ..{).001 0.153 -0.002 0.153 0.070 -0.119 
CHAPTER FIVE 
Productivity Gradients and Benthic Invertebrates in the 
Side Canyons of Lake Powell 
By Nathan Brindza and 
Alisa Winkler 
Chapter 5 - Productivity Gradients and Benthic Invertebrates 
ABSTRACT 
In April 1996, we sampled benthic invertebrate biomass in Halls Creek Bay and Moki 
Canyon in Lake Powell, UT. We found no significant differences between any of the three sites in 
any canyon. There was, however, a significantly higher biomass of invertebrates in Halls Creek 
Bay than in the Main channel. Invertebrate biomasses were very low at all the stations 
" «0.05g/m2). 
We also sampled the organic matter in the Halls Creek Bay and Main channel benthic 
samples. There was a significant positive correlation between the proportion of carbon in the 
sample and the biomass of the invertebrates. 
INTRODUCTION 
The benthic community structure in lakes is diverse and complex because microhabitat varies 
so much from the shore to greater depths. Several other physiological factors also contribute to 
invertebrate composition: water temperature, transparency, and dissolved oxygen content (Reid 
1961). These measures can be quantified to determine their relationship to invertebrate densities. 
Biological factors, such as food, refuge, predation, and competition also influence invertebrate 
abundance (Reid 1961). One of the most important factors in benthic invertebrate production is 
primary production, which can be measured by phytoplankton abundance. 
Benthic invertebrates are one of the many ways by which productivity of waters is assessed. 
Past studies using benthic invertebrates as one of the measures of lake productivity are limited, 
but often successful. For instance, Northcote and Larkin (1956) related benthic invertebrates to 
the other indices of productivity when studying a large number of lakes in British Columbia. 
Moyle (1946) lists benthic invertebrates as one of the primary ways to establish lake productivity. 
In a compilation study of many lakes around the world, LeCren and Lowe-McConnell (1980) 
found a "distinct trend towards higher zooplankton production and higher phytoplankton 
production" . However, the complexities of interactions between food abundance and quality, fish 
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predation, and organic matter (LeCren and Lowe-McConnell 1980) make primary production 
only one variable influencing zoobenthic . abundance. For example, Deevey (1941) found the 
relationship between benthic standing stock numbers and other productivity indices to be 
extremely complex. He concluded that benthic stock numbers did not reflect a lake's overall 
productivity (Deevey 1941). Despite the complexities, benthic invertebrates have become an 
established way of estimating lake productivity (Brinkhurst 1974). 
Past studies of benthic invertebrates in'Lake Powell are limited and all present results are 
from the main channel of the reservoir. Seamons (1995) studied profundal invertebrates in the 
main channel. The samples were analyzed for a possible productivity gradient leading from the 
Colorado River inflow to Bullfrog Bay. No apparent gradients in invertebrate production were 
found (Seamons 1995). Seamons also failed to find a significant relationship between organic 
matter and invertebr~te densities. 
We studied benthic invertebrate biomass in two side canyons to determine if productivity 
gradients existed in the canyons. We also wanted to determine if there was a difference between 
invertebrate biomass in the main channel and the side canyons. Macroinvertebrate abundance in 
relation to the amount of organic matter in the sediments was also examined. 
The study reservoir, Lake Powell, is a large reservoir in southern Utah and northern Arizona. 
It has high shoreline development with many narrow side canyons and a narrow main canyon. The 
shoreline is primarily cliff, with occasional sand and talus areas. We chose profi!ndal over littoral 
invertebrates for our study since littoral invertebrates are likely limited in population by habitat 
availability, not productivity. 
HYPOTHESIS 
Each of our three main questions required its own null and alternative hypothesis. The 
hypotheses are listed in order of importance to allow for adjustment of sampling procedures 
should time prove to be limiting. 
1. Question: Is there a difference between biomass in the main and side canyons? 
Ho: There is no difference between profunda! benthic invertebrate biomass in the side 
canyons and main canyon. 
HA : There is a difference between biomass in the main and side canyons. 
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2. Question: Is there a gradient of benthic invertebrate production in the side canyons? 
Ho: There is no evident gradient (differences between individual sampling sites) in the side 
canyons and main canyon. 
HA: There is a gradient in the side canyons. 
3. Question: Does benthic invertebrate biomass correlate with organic matter content of 
sediments? 
Ho: No correlation exists between biomass and organic matter content. 
HA : A correlation between biomass and organic matter does exist. 
METHODS 
We sampled benthic invertebrates in two side canyons of Lake Powell: Halls and Moki. In 
both canyons, we took samples at three different sites. The sites were at 0.5, 1, and 2 km from 
each canyon's respective tributaries (see Appendix A). At each site, we took three replicates to 
account for the microhabitat variability. In addition to the Halls Creek Bay and Moki Canyon 
sites, we also took samples from the main channel at the mouth of Halls Creek Bay. The samples 
were taken at two different depths in the main channel that correlated with the depths the samples 
were taken at 0.5 and 2 km in Halls Creek Bay, thus hoping to remove depth as a confounding 
factor in the comparison. At each site in the Main channel, we were only able to take two 
replications. 
We used the PONAR grab, a dredge adapted for coarse sediments. It should be noted that 
this sampler may be more inaccurate in the fine, muddy sediments (Downing and Rigler 1984) 
than for the coarse, rocky sediments of Lake Powell. The PONAR grab is 9 inches square and 
samples approximately five hundred square centimeters (Seamons 1995). For each sample, we 
also qualitatively described the sediment characteristics to get a sense for the microhabitat. This 
was taken into account during analysis. 
Invertebrate Samples 
We used a 0.5 mm sieve to retain as many of the smaller invertebrates in the sample as 
possible. The samples were sieved into a bucket soon after they were taken. The invertebrates 
were preserved in plastic bags with ethanol until they could be analyzed in the laboratory. 
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-In the laboratory, other students helped us analyze the 20 total benthic samples. The samples 
were sorted under microscopes and the invertebrates were grouped into their taxonomic classes. 
We counted the number of organisms in each group and measured the lengths of 25 of each taxa. 
We measured the organisms to account for their high variability in size. Biomass ( dry weight) 
was determined with length/weight relationships developed by Wurtsbaugh and Hawkins (1990) 
in their work with invertebrates in Bear Lake. It should be noted that preservation in alcohol 
often causes shrinkage in the invertebrates (Wetzel and Likens 1991) and that it may have had a 
small effect on the biomass results. 
Organic Matter 
In last year' s invertebrate analyses, Seamons (1995) attempted to sample the organic matter 
content available to the organisms. However, he didn't find a significant correlation between 
organic matter and abundance of invertebrate densities (Seamons 1995). This was most likely 
because he only sampled 2 spoonfuls of the surface sediment. He believed there was organic 
matter deeper in the sediments still available to the invertebrates (Seamons, personal 
communication). We attempted to test this hypothesis by sampling the organic matter in a 
different way. 
Since we did not sample in the main channel at the mouth of Moki Canyon, we just used 
samples from Halls and the Main channel ·for organic matter content analysis. To sample the 
organic matter, we put the coarse sediment from the sieved dredge sample into a pan and mixed 
it. Then we took a subsample from each pan and placed it in a pre-weighed crucible. We dried 
the samples overnight in an oven to remove water. Then we weighed each sample on an 
analytical balance to get the initial weight. We placed the weighed samples in a muffle furnace at 
500°C for 40 minutes to burn off.the carbon. The remaining inorganic material was reweighed to 
give us a final dry weight. The difference between the initial weight and the final dry weight was 
attributed to the amount of organic matter burned off the sample. The results are reported in 
percent of carbon in each sample. 
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RESULTS 
Invertebrates 
A total of 9 taxa were found in the samples. The majority of the biomass was made up of 
oligochaetes and chironomids, but ostracods, bivalves, gastropods, Gammarus, Harpactacoids, 
Chaoborus, and water mites were found in low numbers at some of the sites. This is the highest 
number of taxa yet recorded in the profundal benthic 
community of Lake Powell. Seamons (1995) 
reported only three taxa and Mellison (1994) 
reported only five . 
Invertebrate Biomass 
Lake Powell 
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main channel. Biomass at 0.5 kilometers from Figure 2. Comparison of biomass by taxa at each site. 
tributaries (average depth 7.1 m) was 0.162 ± .066 g/m2. At 1 km (average depth 10.3 m) it was 
0.181 ± .286 glm2, and at 2 km (average depth 25.8 m) it was 0.249 ± .65 g/m2 (±95% 
confidence). As can be seen from the confidence intervals, the variation was extremely high 
between samples. 
Biomasses in Moki Canyon were less variable than in Halls. There were a total of six taxa in 
this canyon as well. The biomass trend was as expected here, decreasing along a gradient from 
the end of the canyon to the main channel. The biomass 0.5 kilometers from the stream inlet, 
where depth averaged 2.7 m, was 0.28 ± .17 glm2 . At 1 km, (average depth 6.4 m), the biomass 
was 0.190 ± .22 glm, and 2 km (average depth 9.7 m) was 0.048 ± 0.068 g/m2. The variation was 
less than that of Halls Creek Bay, but was still extremely high. 
The main channel samples had the greatest variation in taxa, the least variation in biomass, 
and the lowest biomasses of the three canyons. In all, there were six different taxa found in the 
main channel; bivalvia, oligochaeta, harpactacoids, chironomidae, ostracoda, Gammarus, and one 
other unidentified invertebrate. This unidentified invertebrate was not included in biomass but 
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was present in such low numbers in only one sample that it would not have had a significant 
contribution to average biomass. The biomass at the 7.5 average depth (site 1) was 0.001 ± 
0.0035 g/m2, and at the 21.5 average depth (site 2) 00145 ± 0032 g/ 2 was m . 
Even with the high variations, 
there were significant differences 
between the side canyons and the 
main channel. A t-test with unequal 
variance was used to determine 
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was not significant at the .05 level, Figure 2. An illustration of the variance. Points are the average biomass at 
but was at alpha=O. I (t=2.4, 
each site. Error bars represent one standa'rd deviation. 
tcrit=1.9) . There was no significant difference between the two side canyons. 
The question of gradients in the side canyons was tested using a regression analysis (Figures 
3 and 4) . Halls Creek Bay showed a positive relationship between biomass and distance from the 
stream'inlet, but the r2 (.139) was insignificant. Moki Canyon showed the opposite of Halls with 
a negative relationship between biomass and distance from stream inlet, but the r (.389) was also 
insignificant. 
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Biomass vs. Distance from Inlet 
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Organic Matter 
Percent carbon in the coarse particulate matter ranged from 76% to .80%. A correlation 
between distance from stream inlet and percent carbon yielded an r = .68 . This shows a 
significant correlation between distance from stream inlet and coarse particulate organic matter. 
The percent carbon estimates were also compared to biomass in each sample. A regression 
analysis gave an r = .61 with two data points left out of the regression. This is a significant 
relationship. The two data points left out were considered outliers, one of which was possibly an 
error in sample handling. 
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DISCUSSION 
The increasing trend of percent carbon from the main channel to the stream inlet in Halls 
Creek Bay indicates one possible effect the streams may have on the canyons of Lake Powell. In 
general, the samples indicated that there was extremely high carbon content at 0.5 km, but this 
quickly dropped off at stations away from the creeks. This may indicate that when the streams 
are high, they carry coarse particulate organic matter such as leaves, twigs, and grass into the 
lake. The breakdown of these materials could contribute nutrients to the side canyons and 
support higher biomasses of benthic invertebrates. Whether the correlation between benthic 
invertebrates and higher organic matter is truly cause and effect or spurious is unknown. Despite 
this, we believe that the organic matter provides a food source to the henthic invertebrates and 
likely increases densities at the tops of many side canyons. 
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Invertebrates Samples 
The primary problem with the samples was extremely high variation. The variation between 
samples tended to hide the variation between sites and therefore the likely gradient from canyon 
inlet to the main channel. Despite the insignificant relationships, we feel that with more samples, a 
significant gradient would have emerged in both canyons. According to Downing (1984) at least 
12 samples should be taken at each site when using a sampler of the PONAR's size and such low 
invertebrate densities. 
The increase in biomass as we moved away from the Hall's Creek-inlet could also be an 
artifact of the low number of samples. Both the 1 km and 2 km sites contained one sample with 
unusually high biomass. With only three samples to work from, these single samples were able to 
affect the average so that a reverse gradierit appeared. We hypothesize that with more samples, a 
decreasing gradient would be seen from the stream inlet to the main channel in Halls Creek Bay. 
The gradient in Moki Canyon would also likely become significant with more sampling. 
Factors in Lake Powell that may have had an influence on the benthic community include 
oxygen concentrations, temperature, predation, and primary productivity (Reid 1961). From the 
oxygen saturation data collected by Bohn (1996, this report), it is unlikely that oxygen levels 
influence the benthic community, at least during our April sampling trip. The high levels of 
oxygen at all of our sites indicate that enough oxygen was present for all taxa of benthos and 
would not limit growth. Temperature would have little effect on the standing biomass of benthic 
invertebrates. This would more likely affect the productivity of zoobenthos. Unfortunately, 
productivity of zoobenthos is difficult to determine and requires more time than was available to 
us. 
The effects of predation are difficult to assess. Hydroacoustics will often not sample the 
common benthic feeders such as catfish and carp, while gill netting provides very poor 
information on true densities of fish. Due to the complexity of the benthic habitat, we feel that 
predation likely has little effect on the zoo benthic populations. One question for future research 
worth posing is the vulnerability of the benthic invertebrates to fish in Lake Powell. 
Comparisons with past data from Lake Powell benthic studies provide interesting contrasts. 
When compared with the data from Seamons (1995), the side canyons show a much lower 
71 
biomass on average than the main channel sites sampled by Seamons. This could be a result of 
Seamons' (1995) sampling being conducted close to the mouth of the Colorado River. This could 
increase food available for benthic invertebrates and contribute invertebrates from the river. 
Our main channel samples also had lower biomasses than Seamons' (1995) . This is the 
opposite relationship than that expected from Brinkhurst (1974) since our samples were taken 
much shallower than Seamons' . This could be explained by Lake Powell's peculiar bottom. The 
main samples were all very rocky and low in organic matter. As many as 5 to 6 attempts were 
made before each sample could actually be taken due to the PONAR being unable to penetrate the 
solid rock bottom. This could result in low benthic biomasses despite the shallower water. 
When compared to lakes and reservoirs in the rest of the world, Lake Powell has a very low 
biomass of benthic invertebrates. As illustrated by Figure 6, invertebrate biomass in Lake Powell 
lies on the extreme low end of the scale. This could be partially biased since these world 
estimates also include some littoral zone estimates and meiobenthos. In most lakes, the littoral 
zone usually has higher biomass than the profundal zone because the presence of macrophytes can 
double invertebrate biomass (LeCren and Lowe-McConnell 1980). This probably contributes to 
the higher biomasses of many of the world's lakes. However, the littoral zone makes up 
comparatively small amounts of the Lake Powell benthos (Fogle 1994) because of the low number 
of macrophytes due to the desert climate and the cliff walls along much of the shoreline. Also, 
even though meiobenthos are extremely small, they may contribute a significant amount to some 
lakes. We were not able to sample these organisms . 
. Overall, it appears that there are gradients in the side canyons ofMoki and Halls Creek Bay, 
although our number of samples did not illustrate significant gradients. The side canyons of Halls 
Creek Bay and Moki Canyon both had higher benthic invertebrate biomasses than those in the 
main channel, indicative of higher productivity. Finally, Lake Powell has comparatively low 
benthic invertebrate productivity when compared with much of the world, indicative of its unusual 
topography and low productivity in the area sampled. 
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CHAPTER SIX 
Zooplankton Abundance in the Side Channels 
of Lake Powell 
By Korey Owens 
Chapter 6 - Zooplankton Abundance 
ABSTRACT 
An analysis of zooplankton in Lake Powell in April 1996 indicated that zooplankton densities 
in two side channels, Moki and Halls Creek Bay, were higher than in the main channel of the lake. 
Chlorophyll levels were closely related to the amount of zooplankton biomass, leading to the 
conclusion that higher levels of chlorophyll result in a greater zooplankton density. Zooplankton 
numbers decreased as the suspended sediment increased, possibly due to impairment of digestion. 
Fish density in the side channels was severely limited by the amount of zooplankton available. 
INTRODUCTION 
Research has been done on the zooplankton of Lake Powell for many years. Studies have 
mainly been performed on the main channel of the lake (Sollberger et al. 1989; Lay 1992; and Hill 
and Heyrend 1995). What do we know about the side channels of the lake? Has there been much 
research obtained to make a valid comparison between the main channel and the side channels of 
Lake Powell? A Utah State University freshwater ecology class directed by Wayne Wurtsbaugh 
made a four-day research trip to Lake Powell on April 16, 1995, in order to research and provide 
more insight on the relationship between the main channel and side channels of the lake . 
. As my area of study was zooplankton, I endeavored to understand the relationship between 
the amount of zooplankton in Lake Powell and its distribution over the main and side channels of 
the lake. In order to understand this relationship, I defined two objectives with hypotheses. 
My first objective was to collect data on the main channel and side channels in order to 
determine the distribution of zooplankton across these two environments. I hypothesized that 
there would be a greater abundance of zooplankton in the side channels compared to the main 
channel of the lake. This hypothesis stenimed from an earlier Utah State University Lake Powell 
trip in 1992 that concluded that the volume of zooplankton in the side channel was slightly higher 
than the volume in the main channel (Lay 1992). 
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My second objective was to determine the reasons for the difference in the main channel and 
side channels of Lake Powell. Morgan (1980) suggested that predation and food ability are main 
controlling factors of zooplankton biomass. It is also suggested that the amount of suspended 
sediment in the water can effect zooplankton abundance (Arruda et al. 1983). In order to test 
these factors, we took measured chlorophyll, sediment levels, and fish densities. 
I hypothesized that algal biomass was the major reason for the zooplankton gradient. A case 
study done at Lake Temiskaming, Ontario-Quebec (Zettler and Carter 1985) concluded that 
greater algal turbidity resulted in a greater zooplankton community because the mean zooplankton 
. abundance in volume and numbers was somewhat higher at the northern, more turbid stations 
than at the southern stations. Because body size is positively related to turbidity, reduced 
transparency in turbid water has also been suggested to protect large zooplankton from fish 
predators (Zettler and Carter 1985). Herman (1983) found that most copepod species in 
northeastern Baffin Bay were near the region of highest algal biomass. Typically in Lake Mead 
and other lakes, zooplankton densities positively correlate to algal biomass (Sollberger 1989). 
METHODS 
Field Methods 
All zooplankton samples were taken during the daylight hours of April 17-19, 1996. 
Sampling was conducted in Halls Creek Bay, Moki Canyon, and in the main channel just outside 
of each side channel. In Halls Creek Bay, four sampling sites were used: 0.5, 1, 2, and 10 km 
from the head of the channel. In Moki Canyon, similar distances were used: 0.5, 1, 2, 4, and 8 km 
from the head. At the 0.5 and 1 km site on both channels, only two samples were taken, two 
from the top 10m and two. from the entire water column. 
All samples were vertical tows using a 35-cm diameter conical zooplankton net with mesh 
size of 80 /lm. The length of each tow was calculated by using a measured rope. The net was 
lowered to the desired depth and then pulled up at a constant rate of approximately 1 mlsec. On 
the total water column tows, an Eagle Fish Finder was used to estimate the depth of the water 
column. The efficiency of the net was determined by attaching a flow meter to the mouth of the . 
net. The numbers on the flow meter were recorded before and after each tow. To estimate net 
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efficiency, the counts were compared to the mean of two 10m control tows without the .net 
attached. Mean net efficiency was 42% . . The reported zooplankton densities are corrected for net 
efficiency. The zooplankton were preserved in Lugol's solution, placed in lS0-ml zooplankton 
cups, and labeled according to the location and depth. 
Lab Methods 
Zooplankton collected from the 2-km sites of both canyons and at the mouth of each canyon 
were identified taxonomically using procedures similar to those of Rill and Heyrend (1995) . First, 
the amount of water in each zooplankton cup was recorded in ml according to the scale on the 
zooplankton cups. Second, each sample was thoroughly mixed by using an air hose. While 
mixing with the air hose, a 1-3 ml sample was. taken from the cup, depending on the visual density 
of each. The goal w~s to count at least 100 individuals, excluding the nauplii. Counting was 
don vith dissecting microscopes at 20-30X magnification. When counting was complete, the 
contents of the count were returned to the zooplankton cups for biomass estimations. 
Biomass estimates were conducted in two ways. The depth of the settled plankton volume 
was measured on the side of the zooplankton cups by use of the ml scale. For the dry weight 
biomass, the samples were first strained through an 80 Jlm screen and then rinsed with distilled 
water to remove as much of the Lugol's solution as possible. After straining, each sample was 
rinsed into a pre-weighed drying pan using distilled water. These pans were eac.h placed in an 
oven on 65 OF for 20 hours and then reweighed and replaced in the oven. Four hours later, each 
of the pans were weighed again and compared to the previous weights to insure that all water had 
evaporated. Since the weights only changed approximately 1-2%, these weights were used for 
the biomass estimates after the initial weight of the pan was subtracted from the total weight. 
Biomass estimates were compared to the volume of settled zooplankton to check for possible 
errors in biomass calculations. 
RESULTS 
The taxonomic results show that Daphnia pulex, Daphnia galeata, calanoid and cyclopoid 
copepods were the most abundant taxa. Other taxa present, but in lower abundance were: 
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Keretella, Bosmina, Asplanchna, Diaphonosoma, harpactocoid copepod, and some other 
rotifers. Zooplankton densities ranged from 76, 100/m3 in Moki Canyon to 4,200/m3 at the mouth 
of Moki. The averages for the two channels were 37,817/m3 (Halls) and 27,488/m3 (Moki) 
without the naup!ii included (see Appendix A). 
Plankton biomass in Halls Creek Bay was highest at 0.5 km, declined rapidly at 1 km, rose at 
2 km and rose slightly higher at the main channel (Figure 1). I should note, however, that the 
variance of the duplicate samples was very high at the O. 5m site. Moki Canyon also had the 
highest plankton biomass at the 0.5 km site, but biomass then declined as the sample sites 
approached the main channel (Figure 2). Chlorophyll levels seemed to follow the same general 
trend as the zooplankton in both canyons (see Austin, this volume). However, when plotting the 
chlorophyll concentration against the plankton biomass, the correlation in Moki Canyon was 
much higher with an r/\2 = .57 compared to Halls, r = .31 (Figures 7 and 8). 
In Halls Creek Bay, both suspended sediment and netplankton biomass decreased in the first 
1 km from the inflow (Figure 3). From 2 km out to 10 km, as the sediment level decreased, the 
amount of zooplankton increased slightly. In Moki Canyon, Secchi depths were used to 
determine water clarity (see Figure 4). In this case, the Secchi depths were inversely correlated 
with zooplankton biomass. 
The number of hydro acoustic fish targets for each of the canyons sites was plotted against 
zooplankton biomass. For Halls Creek Bay, it is interesting to note that at the 2 km site the 
amount of zooplankton biomass increased slightly as fish density decreased (Figure 5). This trend 
continued toward the main channel. As fish density continued to drop, zooplankton biomass rose. 
In Moki Canyon, fish densities did not have a visible effect on zooplankton abundance (Figure 6). 
As fish densities declined, zooplankton declined in a similar fashion. 
DISCUSSION 
The average zooplankton biomass in both side channels was higher than that in the main 
channel, supporting our hypothesis. However, excluding the 0.5 km sites in both Halls Creek Bay 
and Moki Canyon, the general trend in Moki Canyon and Halls Creek Bay appeared to be 
opposite of each other. In Moki, zooplankton biomass decreased as it neared the main channel 
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while the biomass increased slightly as you approached the main channel in Halls Creek Bay. As 
shown in Figures 1 and 2, the variance at both the 0.5 km locations was very large. This could be 
due to the amount of algal biomass that was caught in the net along with the zooplankton. In 
subsequent studies, it would be helpful to use a way to sample zooplankton that would eliminate 
the algal biomass. 
In Moki, the zooplankton biomass was closely related to the amount of chlorophyll or algae 
(Figure 7). This is also shown in the decrease in plankton abundance with the increase in Secchi 
depth (Figure 4). In Halls Creek Bay, the chlorophyll t.o zooplankton ratio was not tightly 
correlated, which would suggest that there are other factors to be taken into consideration. In 
part, this may be due to analytical difficulties with the chlorophyll estimates. 
Although chlorophyll levels commonly have a positive relationship with zooplankton density, 
Zettler and Carter (1985) claim that zooplankton filtering and assimilation may become seriously 
impaired by suspended silt and clay. In Halls Creek Bay, as the suspended solids decreased from 
the 2 km site out to the main channel, the amount of zooplankton increased. This could be due to 
digestion problems that occur in zooplankton because of high levels of suspended solids. Arruda 
et al. (1983) found that sediment concentrations of 50-100 mg/L reduced the algal carbon intake 
by daphnids to the extent of starvation. Suspended sediment in Halls Creek Bay fell within these 
boundaries (Figure 3), suggesting that the increase in zooplankton was the result of the decreases 
in suspended sediment. Since suspended sediment was only examined in one or two sites in. Moki 
Canyon, further research is needed to determine its effects on the zooplankton in this channel. 
The size of the suspended particles also needs to be examined in order to better understand this 
relationship in Lake Powell. 
By charting the fish density along with zooplankton abundance, we can see an interesting 
relationship in both canyons. In Halls Creek Bay, at approximately the 2 km site, the fish density 
decreased drastically while zooplankton levels increased. Although we see no increase in 
zooplankton with decrease in fish density in Moki Canyon, it is interesting to note that the fish 
and zooplankton amounts declined in a similar fashion (Figure 7). 
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My assumption is that the zooplankton are limited by chlorophyll levels and the fish are limited by 
zooplankton abundance. These two canyons show how closely related the zooplankton are to fish 
in the Lake Powell trophic system. 
Zooplankton densities measured in 1996 were higher than in the past (cf Table 1, Appendix 
1). This may be because sampling was conducted in, the higher density side channels, as well as 
the main channel. Although there was a significant increase in zooplankton abundance compared 
to other years, when compared to the August zooplankton abundance in the Great Lakes (Table 
1), the density of zooplankton in Lake Powell is low. 
It appears that net plankton abundance is higher in the side channels in comparison to the 
main channel of Lake Powell due to the variation in chlorophyll, suspended solids, and fish 
density. However, more extensive research is needed to better understand these relationships. 
Limited time for sampling (three days), and inclement weather during our sampling could have 
biased some of our suspended solids and chlorophyll levels. Hydroacoustics surveys were only 
taken during the daylight hours; which could also effect the measurements of fish density. 
As mentioned before, few studies have been done on the side channels of Lake Powell in 
comparison to the main channels. This study shows that mean zooplankton density in the side 
channels is higher than that of the main channel. These side channels play an important role in 
Lake Powell by giving variation to the habitat available and should monitored frequently. 
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Table 10: Compa..r-lsoa of zooplankwn deasiLies (= /Q3) in the Greal LaJ.:es a.nd four 
reservoirs 
Mcil ~1~Y Iuoe lull' 
Lc..lt3 HUloa 
-- 1971 lale (ra.ns-ect ).616 5.176 iO .. {2i 26 .. .Q7 
(2.315) (2.215 ) (~.27) ) (l0 .83)) 
-- 1975 S. Lab~ Huron 9.151 12.980 126.127 181.139 
(3 .876) (S.322) (51.712) ( 75.197) 
-- 19Sa WQott! lake 12,02-< 11.171 20.Z10 131.739 
(·(930) ({703) (8.286) (5-<.013) 
Lake Ootario (i 970) -{ .58; 11.363 17.7)-{ 67.320 
( 1.880) (1.6)9) (7.279) (27.601) 
Late Erie (l 970) 30.-{S1 39,600 197,651- 317.139 
( 12 ,-{89) (16 .236) (20-{ .137) ( 1-{Z.327) 
Lake Superior (1973) 3.200 3,500 2,800 
Late Michigan (1979) 
--76 um net 19,5)6 . 79,980 231.039 
(8 ,018 ) (32.792 ) (91.956) 
-- Ij6umnet 9.366 52.185 161.316 
(3.8-{0 ) (21.3%) (67.382) 
GREAT LAKES A VIRAGE lZ.i3-{ 11.127 100,979 I·H,7·H 
(5.098 ) (6,-{32) (-(7.l11) (67.659) 
Bedver Reser-yair (1%5-66) ZZ .600 16 .000 19.800 800 
Bull Shoals Re~ nair (l %S-66) 21 ,600 23.500 13.jOO 6.500 
(1%5) 
Lake Metld (1988) 
(average of f2 and f6 st.a.t.ions-
see Table 7) 23.085 11.360 7.023 6.173 
(10 ,-<80) (S,g77) (i.23·{) (2.867) 
Late Povell (1987-88) 
(aye rage PWO 1- PW06) 17.613 8.Bi5 6.O{60 
(9,059) 0.833) 0.388 ) 
(Al/g,) 
NOTES: 
(I) Great Lakes data. from Evans (1986) 
(2) Beaver and Bull Shoals data from Applegate 2.lld Mullan (1967) 
0) Numbers outside parentheses refer lD total zooplankton per cubic meter; numbers 
~ pare n theses re fer to toW zoo plankton oinus na.u pili . Most of the historical 
data give n by Evans (1986) are in laLLer cate gory; total zooplankton (with nau pili) 
were estima.t..ed in these ca.s.es by assuming neuplii repre~nt..ed ~9~ of total 
numbers. as vas the case for 1980 Huron dat.a . 
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A fj~ t!.I"Id I~X. A 
Number of species in Lake Powell per meter"3 
Daphnia pulex Daphnia galeata Bosmina Calanoid copepodid Cyclopoid copepodid nauplii Keretella other rotifers Asplanchna Diaphanosoma b. Harpactocoid 
Moki 2km #1 10 
Moki 2km #2 10 
Moki 2km #1 15 
Moki 2km #2 1 5 
Moki/pow #1 10 
Moki/pow #2 10 
Mokilpow #1 90 
Mokilpow #2 90 
Halls 2km #1 10 
Halls 2km #2 10 
Halls 2km #1 24 
Halls 2km #2 24 
Halls/pow #1 10 
Halls/pow #2 10 
Halls/pow #1 100 
Halls/pow #2 20 
00 
00 
4401 
10577 
11728 
3781 
9036 · 
2230 
250 
882 
3342 
8585 
3288 
1564 
1114 
7023 
237 
7531 
13204 
7051 
3421 
4975 
6497 
6687 
710 
1537 
4846 
5723 
2877 
1408 
3343 
2748 
1145 
2840 
0 1-174 22300 4108 
321 21368 5342 22543 
0 13520 8470 14660 
0 3781 6169 6567 
0 26091 5279 14924 
0 18871 2230 9956 
0 2045 1169 0 
0 3473 740 4839 
0 8689 2506 7185 
0 13082 18396 17170 
0 5548 10479 16027 
0 3129 4459 4693 
0 13818 2229 2229 
0 11705 9669 12112 
0 4660 1422 9123 
0 9753 10988 19136 
0 0 0 0 0 
3312 1389 107 321 0 
0 0 0 0 0 
0 0 0 0 0 
11574 2437 0 0 305 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 409 2044 0 
0 0 0 0 0 
0 0 0 0 0 
446 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
Totals 
45187 
72331 
51799 
25273 
76143 
39974 
4174 
11471 
26568 
65409 
38219 
15253 
23179 
43257 
16587 
50248 
LOCATION DEPTH mf\3 OF WATERSIOMASS g/m"3 Biom ml bio m"2 
Halls.5km #1 5 0.221 3.127 9 15.635 
Halls.5km #2 5 0.224 0.835 5 4.175 
Halls 1 km #1 10 0.359 0.162 4 1.62 
Halls 1km #2 10 0.419 0.117 4 1.17 
Halls 2km #1 24 0.584 0.298 10 7.152 
Halls 2km #2 24 0.799 0.2 14 9 5.136 
Halls 2km #1 10 0.389 0.344 6 3.44 
Halls 2km #2 10 0.318 0.346 5 3.46 
Halls/pow #1 10 0.516 0.368 5 3.68 
Halls/pow #2 10 0.393 0.45 5 4.5 
Halls/pow #1 100 3.165 0.082 20 8.2 
Halls/pow #2 20 0.891 0.353 25 7.26 
Moki.5km #1 2.5 0.162 1.185 15 2.9625 
Moki .5km #2 2.5 0 .097 3.433 28 8.5825 
Moki 1km #1 8.5 0.354 0.963 ' 22 8.1855 
Moki 1km #2 8 0.293 0.962 15 7.696 
Moki 2km #1 10 0.426 1.174 31 11.74 
Moki 2km #2 10 0.468 0.603 18 6 .03 
Moki 2km #1 15 0.706 0.435 28 6.525 
Moki 2km #2 15 0.603 0.26 15 3.9 
Moki 4km #1 10 0.461 0.319 10 3.19 
Moki 4km #2 10 0.406 0.234 9 2.34 
Moki 4km #1 28 1.223 0.138 8 3.864 
Moki 4km #2 28 1.134 0.203 8 5.684 
.Mokilpow #1 10 0.394 0.586 13 5.86 
Moki/pow#2 10 0.387 0.403 5 4.03 
Mokilpow #1 90 2.875 0.147 20 13.23 
Moki/pow#2 90 2.459 0.128 20 11.52 
0.633920749 
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CHAPTER SEVEN 
Hydroacoustic Estimates of Pelagic Fish Abundance 
By Paul Badame 
Chapter 7 - Hydroacoustic Estimates of Pelagic Fish Abundance 
ABSTRACT 
To determine whether fish abundance and distribution differed between the side and main 
channels of Lake Powell, we used a dual-beam transducer to preform hydroacoustic surverys of 
Moki Canyon, Halls Creek Bay, and their adjacent main channels during ApdI20-21, 1996. We 
found that fish abundance was six times greater near the stream inlets of both side canyons as 
'compared to the remainder of each canyon and its adjacent main channel. This study, in 
conjuction with others in this report, suggest that the shallow waters of the side channels show 
higher levels of productivity. 
INTRODUCTION 
The Colorado river represents about 79% of the inflow to Lake Powell, and brings with it 
large amounts of sediment and nutrients. Gloss et al. (1980) showed that primary productivity in 
Lake Powell was correlated to the gradient of this inflow. Past research projects produced by the 
USU undergraduate Aquatic Ecology students, and other studies, have focused on this gradient 
formed along the main channel of the lake (Wurtsbaugh et al., 1992, 1994, 1995). This year the 
class studies focused on the possible trophic gradients within the side canyons of the lake in 
relation to their adjacent-main channel sections. 
The side canyons of the lake have received little study but it is believed that they may 
experience a trophic gradient from their inlets to the main channel. The side channels of the lake 
receive water and allocthonous input from various sized watersheds. The size of the watershed 
could potentially influence the nature of a trophic gradient, but the amount of inflow even from 
larger watersheds was quite small during our April visit (approx. <0.1 cfs) . A more important 
factor affecting productivity and fish habitat may be the ratio between water volume and substrate 
surface area. In side channels this ratio is much higher than that of the main channel. This could 
influence nutrient recycling and in turn the productivity of these areas significantly (Smith 1982). 
Increases in primary productivity should positively influence the food web in the side channels 
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and increase available forage for both piscivorous and planktivorous fish. The shallows in the side 
canyon also often contain inundated brush and snags which provide cover for many fish 
(Gustaveson 1990). The side canyons we studied were Halls Creek Bay and Moki Canyon. 
Hydroacoustics were used to determine fish densities and distribution. This method of 
estimation has become more common, and is thought to have many benefits over traditional netting 
methods (Burczynski 1983). Data collected were used to test the following hypotheses: HoI: Fish 
densities and distribution in the side canyons will be equal to the densities and distribution found in 
the main channels adjacent to each side canyon. Ho2: Fish density does· not change with increased 
distance from the side canyon inlet. 
Common species present in Lake Powell include striped bass (Morone saxatilis), largemouth 
bass (Micropterus salmoides), walleye (Stizostedion vitreum), channel catfish (Ictalarus 
punctatus), carp (Cyprinus carpio), and threadfin shad (Dorsoma pentenese) . Reproduction occurs 
in the backs of canyons, like those we surveyed (Gustaveson 1990). It is possible that the shad had 
begun to move into the side canyons during the period of our survey, and influenced our estimates. 
Shad spawning begins in early to mid-May. The shad population has shown a cyclic nature during 
the last 20 years of monitoring, with overall numbers decreasing since about 1980 (Gustaveson 
1991). Side canyon selection by shad has been shown to be highly specific, which may create high 
variability in densities among side canyons. The other fish likely to be considered in this survey are 
striped bass and walleye. Both are pelagic fish, although they often remain near the bottom or in 
close association with structure during the day making them more difficult to discern from the 
bottom using echolocation (Thorne 1983). Stripped bass were likely concentrated near the dam 
and the Colorado inlet during the period of our study (Gustaveson 1991). 
METHODS 
Sampling design. 
The entire survey oflimnological and fishery parameters was conducted from April 17-21. 
The hydroacoustic surveys were conducted during the last two days of this period. For Moki 
Canyon, hydroacoustics were collected along the length of the side channel (Figure 1). Transects 
were run between 2,2.5,3,3 .8,4.5, 5.5, and 6 km from the stream inlet. It would have been 
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-preferable to have made these transects perpendicular to the channel to decrease within sample 
variation (Vondrack and Degan, 1995). This could not be accomplished in Moki due to channel 
width and boat maneuverability constraints. Moki's adjacent main channel was surveyed in four 
transects which ran parallel to its length. The data for Moki Canyon and its main channel were 
collected between the hours of 0900 hours and 1200 hours, on 20 April 1996. Three 
perpendicular transects were also run on this day, from 1400 hours to 1500 hours, in the main 
channel adjacent to Halls Creek. At the end of this day, two final perpendicular transect were run 
at 4 km from the stream inlet of Halls Creek Bay. The.se two transects were run from 1530 hours 
to 1700 hours. The second of these was run at dusk. On 21 April 1996, two replicate, 
perpendicular, tansects were conducted at 0.5, 1, and 2 km from the stream inlet of Halls Bay. 
These were done from 0900-1200 hours. 
Acoustic processing and analysis 
The acoustic samples were collected with a Biosonics model 281 echo sounder, which utilizes 
a 420-kHz dual-beam (6°115°) transducer. The transducer sends and collects sound waves and 
then translates the returning echoes into electrical impulses recorded in decibels (dB). The 
electrical impulses processed correspond to reflected echos from the bottom and targets at varied 
depths. The use of a dual-beam transducer allows for the adjustment of a target strength according 
to its distance from the main axis of the sound beam. This increases the accuracy in the estimation 
of size and the resulting distribution of densities. The transducer was towed in front of the house 
boa,t at 0.5 m below the surface. We sampled at a rate of 2 pings per second traveling at 
approximately 2-3 mls. The pulse width was set at 0.4 ms, and the receiver gain was -12 decibels. 
Because of the variable nature of the channel morphology, data approximately 1-2 m from the 
bottom was rejected as bottom eC.hos. The top 2 meters of water was also excluded. This 
produced a depth processing range of 2 to 100 meters, which was divided into 10-m strata. The 
target strengths, measured in -dB, can be translated into expected fish size according to the 
formula of Love (1971): 
TS=(20*LOG lO(TL))-(0.9*LOG lO(F)-62.03), (TS= Target strength, TL=target length, and f= 
frequency) . 
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The target strengths were accepted at a range of -69 dB to -21 dB which correspond to the size 
range 0.5 cm to 187 cm. These size ranges were combined into 3 size classes: plankton (0.5-1.5 
cm), small (2-5 cm), and large (6-187 cm). The plankton class was found to heavily outweigh the 
other classes in most locations and was therefore excluded from the data analysis. A more 
complete and accurate account of plankton abundance was reported on by Korey Owens in this 
years USU Lake Powell report . The number of targets in each size class within each strata is 
reported as fish/m3 by the Biosonics processor. These values were then converted to targets per 
hectare using: (fish/m3) * (10 t* ( strata thickness), to produce Appendix 1. This conversion allowed 
for comparisons between side canyons and main channels without depth becoming a confounding 
factor. 
Mean densities in both side canyons was compared to mean densities for both main channel 
sections, for both size classes. This was accomplished using a general linear model ANOV A and T-
tests assuming unequal variances. ANOV A was also used to examine the relationships of target 
strength and distance from the inlet, with density. Channel morphology cross sections and target 
distributions were digitally recreated to allow for visual analysis of spacial distributions and 
changes in channel characteristics. 
RESULTS 
We found a nearly significant difference in mean densities (fish/ha) between the two side 
channels and the two main channel sections (T -test; P<.09). These differences were explored on 
an individual canyon basis in comparison with their adjacent main channel sections (Figure 2; 
Appendix 2). Halls Bay had significantly higher mean densities than in the main channel in both the 
small and large size classes (T -test P<.05, & <.03 respectively). An analysis of variance confirmed 
the difference between Halls and Halls main (Pr>f= .0001). Moki Canyon showed no significant 
difference between its side canyon and main channel for small and large size classes (T -test 
P<0.32, & <0.49 respectively). ANOVA showed no difference for these classes either. 
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Figure 2. Targets densities for size classes 2-5 cm and 6-187 cm through both Moki and Halls canyons and their adjacent main channels. 
The error bars represent one standard deviation. 
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Figure 3. Comparison of size class densities by depth in Halls Bay and its adjaecent main channel 
and Moki c:anyon and its adjac'ent main channel. 
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Gradients in fish density were explored by comparing densities in each sampling location to all 
other samples in that area (Figure 2). This was done using ANOVA which compared densities by 
size class and distance from the inlet. Graphically, both size classes in Halls Bay appeared to show 
a gradient from the inlet to its main channel, but the ANOVA showed that only the O.S km sample 
site differed from all other sites (alpha=.OS). The remainder of the sample sites from Halls Creek 
Bay, including those in the main channel, showed no significant difference in density. The results 
of the ANOVA for the data from Moki Canyon produced similar results, as the first sample in the 
canyon (2 km) was the only site to show a significant difference from all other sites (alpha=.OS). 
The changes in size class distribution and densities were examined graphically (Figure 3; 
Appendix 1). This was done by using 3-D graphs to portray densities for each target size 
according to their depth. In Halls Bay the mean size increased from the inlet to 4 km location. 
The trend then reversed with mean sizes decreasing in Halls main channel. The fish were 
distributed according to depth throughout the bay. The fish in main channel samples tended to be 
stratified, with highest the densities occurring in the top 20 m of water. The 40-S0 m strata 
appeared to be the next area of congregation. Moki Canyon showed an overall larger average size 
offish throughout, when compared to Halls Bay. The mean sizes in this side channel tended to be 
well distributed and relatively constant, except for occasional peaks in the 2-S cm class. Average 
target size decreased markedly in the main channel, with targets larger than approximately 3 S cm 
noticeably lacking. The distribution by depth showed that through the first 4 km of Moki Canyon 
fish were most abundant in the top 20 m of the water column with the remainder of the strata 
having well-dispersed use. After the 4-km mark the fish were more abundant in the top 20 m of 
water. The abundances in water below this depth was considerably lower. 
Digitally reproduced echograms were created to show changes in channel morphology and the 
association offish with the bottom, and structures (Figures 4 and S) . The data used for these 
echograms does not take into account that the width of the beam increasing with depth so numbers 
are exaggerated with depth. In both Halls and Moki, fish tend to be well dispersed in the water 
column with increasing association with channel walls or points as we moved toward the 
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main channels. The echogram from Halls main channel (Figure 4) is a good example of fish 
association with steep channel walls. 
DISCUSSION 
In both small and large size classes, fish densities were found to be nearly six-fold higher near 
side channel inlets than in the rest of the side or main channel. Several factors could account for 
this. If fish in deeper water were more closely associated with the bottom during the day, they may 
have been indistinguishable from the bottom. If this was so, then evening acoustic samples should 
_ have shown higher abundance than day counts. In the one run which was preformed at dusk, 
densities were three-fold higher than at other times. Abundance estimates of pelagic species such 
as threadfin shad and ciscos can be considerably lower during daylight hours (Luecke and 
Wurtsbaugh, 1993 ; Schael et aI, 1995). 
Another factor could be that fish, especially smaller ones, would tend to prefer shallower 
environments which may offer greater cover (Gustaveson 1991). We found that near the inlet of 
Moki Canyon there were some inundated plants. Near the inlet of Halls, however, there were 
many inundated plants and standing snags in the water. The size class distribution offish seem to 
correlate to this fact, with the upper waters of Halls being generally smaller than that of the upper 
waters of Moki. 
Shallower water also allows for increased nutrient recycling which could lead to increased 
primary productivity (Gloss et al. 1980). Because of food web interactions, it is expected that 
trophic productivity would increase. Fish would most directly correlate to increases in forage such 
as zooplankton. This report found that there was a significant correlation between fish densities 
and zooplankton densities in both Halls Creek Bay and Moki Canyon. 
Overall, depth appears to playa major role in influencing the productivity of the side channel 
surveyed. Unfortunately the data collected here does not provide any solid evidence due to some 
major underlying problems with our sampling techniques. First, there was inadequate replication 
because bad weather limited us to surveying only two side canyons. Second, the acoustic surveys 
were conducted during the day which probably underestimated the densities. Third, the sample in 
Moki Canyon were not run perpendicular to the channel, nor were site replicates run in this 
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canyon. This may have caused higher variability within transects. Finally, the data from Moki 
Canyon was incomplete because we miss~d the upper 2 km of the channel. This data could have 
greatly changed how we viewed the productivity of this canyon. 
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0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
... 1 
1 
o 
16.79 
... 1 
11 .8240 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-39 
6 
o 
21 .37 
-39 
70.9440 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-37 
3 
1 
27.20 
-37 
35.4720 
51.4000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-35 
6 
o 
34.62 
-35 
70.9440 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-33 
o 
o 
44.OS 
-33 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-31 
56.06 
-31 
11.8240 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-29 
71 .35 
-29 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-27 
o 
o 
90.81 
-27 
0,0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-25 
o 
o 
115.57 
-25 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-23 
o 
o 
147.08 
-23 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-21 
1 
o 
187.18 
-21 
11.8240 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
10t.," 000673 642.6000 126000 252000 252000 12.6000 378000 252000 37.8000 0.0000 50.4000 50.4000 63.0000 25.2000 12.6000 25.2000 12.6000 75.6000 50.4000 75.6000 0.0000 12.6000 0.0000 00000 0.0000 0.0000 12,6000 
Actua' fllh pe' 1I,Iti 
Run Ioccltion 
1 HI" 2km 
1 HI" 2km 
1 Ha .. 2km 
1 HI" 2km 
1 HI" 2km 
1 HI" 2km 
1 HI" 2km 
1 Hlb 2km 
1 HI" 2km 
1 Hall,2krn 
Depth "'0" 
nme min 
10.00 
10.00 10 
1000 20 
to 00 30 
10.00 40 
10.00 50 
10.00 60 
1000 70 
1000 80 
1000 90 
Tala" 
for strata 
to 4 
20 6 
30 
40 
50 
60 
70 
80 
90 
100 
Tala' 10 
Run 
denllty pe' Itrltum ( Targets/hectare) 
sl'a ' a deplh 
~ccation 
1 Hlh2km 
I Hlh2km 
I HI",2km 
1 Hlh2km 
1 Hlb 2km 
1 HlMo 2km 
1 HlMo 2km 
1 HaAs 2km 
1 Hlb 2km 
Time 
1000 
to 'OO 
1000 
10:00 
10:00 
10.00 
1000 
10.00 
10'00 
10 
20 
30 
40 
50 
60 
70 
80 
10 
20 
30 
40 
50 
60 
70 
80 
90 
stratum stratum 
ri'Sh/m~3 FishlHec. 
o 0006 50.8000 
0.0004 43.0000 
00000 00000 
0.0000 0.0000 
0.0000 0 0000 
00000 0.0000 
0.0000 00000 
0.0000 00000 
0.0000 0 0000 
dB 
-69 
o 
o 
057 
-69 
00000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
lotl'" 0 000537 93 8000 0.0000 
Ac1ua'"lh per .Ir.'. 
Depth st,ata Tala' , 
Run locC.hon Ttme 
10.00 
10'00 
1000 
1000 
10.00 
10.00 
1000 
1000 
10.00 
1000 
for strata 
Run 
2 Hdl2km 
2 Hlb 2km 
2 HI" 2km 
2 HI" 2km 
2 Ha" 2km 
2 Hab 2km 
2 HI A, 2km 
2 HaHs2km 
2 HIII,2km 
2 HINI2km 
10 12 
10 20 15 
20 30 0 
30 40 0 
40 50 
50 60 
60 70 
70 80 0 
80 90 0 
90 100 0 
Tala' 27 
denllty pe, Itrotum ( To,getl /hectore) 
str.ta depth 'tr~tum stratum 
rlshlmA,J Flsh/Hec. Ioccllion 
2 Hlb 2km 
2 HI" 2km 
2 HI'"2km 
2 HI" 2km 
2 HI" 2km 
2 HI" 2km 
2 HI" 2km 
2 HI" 2km 
2 Halo 2km 
Time 
10'00 
10.00 
10.00 
10:00 
1000 
1000 
10'00 
1000 
10.00 
10 
20 
30 
40 
50 
60 
70 
80 
10 00019 152.0000 
20 0.0012 1240000 
30 0.0000 00000 
40 0.0000 00000 
50 0 0000 0.0000 
80 0 0000 0 0000 
70 0.0000 00000 
80 0.0000 00000 
90 0 0000 0 0000 
Db 
-69 
o 
o 
0.57 
-69 
00000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-67 
o 
o 
-65 -63 -61 
o 
o 
Lenglh(cml/To'gelslrenglh(Db) 
0.73 0.93 1.18 151 
-67 -65 -63 -61 
0.0000 12.7000 12.7000 00000 
o 0000 7.1667 0.0000 ' 0.0000 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
-59 
o 
o 
1.92 
-59 
00000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-57 
1 
1 
2.44 
-57 
12.7000 
7,1667 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-55 
3.11 
-55 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-53 
1 
o 
3.95 
-53 
12,7000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-51 
o 
1 
5.03 
-51 
0.0000 
7.1667 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
... 9 
o 
o 
6.40 
... 9 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
... 7 
o 
2 
8.15 
... 7 
0.0000 
14.3333 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
... 5 
o 
o 
10.37 
... 5 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
... 3 
o 
13.20 
... 3 
0.0000 
7. 1667 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
... 1 
o 
o 
16.79 
... 1 
0.0000 
0,0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-39 
o 
o 
21 .37 
-39 
0,0000 
0,0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-37 
o 
o 
27.20 
-37 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-35 
o 
o 
34.'62 
-35 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-33 
o 
o 
44.05 
-33 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-31 
o 
o 
56.06 
-31 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-29 
o 
o 
71.35 
-29 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-27 
o 
o 
90.81 
-27 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-25 
o 
o 
115.57 
-25 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-23 
o 
o 
147.08 
-23 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-21 
o 
o 
187.18 
-21 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
o 0000 18.7600 9.3800 00000 00000 18.7600 0.0000 9.3800 9.3800 0.0000 18.7600 0.0000 9.3800 0 ,0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
-67 
I 
-65 
3 
-63 -61 
o 
o 
Longth(cm)/Ta'gel slrlngth(Db) 
0.73 0.93 1. 18 1.51 
-67 -65 -63 -61 
12.6667 380000 126667 00000 
8.2667 82667 00000 00000 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
-59 
1.92 
-59 
12,6667 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-57 
2 .44 
-57 
12.6667 
00000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-55 
2 
o 
3. 11 
-55 
25.3333 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-53 
o 
I 
3.95 
-53 
0.0000 
8.2667 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-51 
1 
5.03 
-51 
12.6667 
82667 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
... 9 
1 
6.40 
... 9 
12.6667 
8.2667 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
... 7 
o 
o 
8.15 
... 7 
0.0000 · 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
"'5 
10.37 
... 5 
12.6667 
16.5333 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
... 3 
o 
o 
13.20 
... 3 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
... 1 
o 
1 
16.79 
... 1 
0.0000 
8.2667 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-39 
o 
2 
21 .37 
-39 
0.0000 
18.5333 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-37 
o 
27.20 
-37 
0.0000 
8.2667 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-35 
o 
2 
34.82 
-35 
0.0000 
18.5333 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-33 
o 
44.05 
-33 
0.0000 
8.2667 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-31 
o 
1 
56.06 
-31 
0.0000 
8.2667 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-29 
o 
o 
71.35 
-29 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-27 
o 
o 
90,81 
-27 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-25 
o 
o 
115.57 
-25 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-23 
o 
o 
147.08 
-23 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-21 
o 
187.18 
-21 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
Run 
Run 
total. 0.0016 2760000 00000 204444 40.B889 10.2222 0.0000 10.2222 10.2222 20.4444 10.2222 20.4444 20.4444 0.0000 306667 0.0000 10.2222 20.4444 10.2222 20.4444 10.2222 10.2222 0.0000 00000 0.0000 0.0000 0.0000 
Actu.1 "'h per .trat. 
k>ccltion 
1 Hall.4km 
1 H.b 4km 
1 H.Its 4km 
1 Hills 4km 
1 H.1ts4km 
1 H.ns 4km 
1 Holl.4km 
1 Ha" 4km 
1 Holts 4km 
1 Ha" 4km 
Time 
10:00 
10.00 
10:00 
10:00 
10:00 
10:00 
10:00 
10:00 
10:00 
10:00 
Deplh ",al. 
10 
10 20 
20 30 
30 40 
40 50 
50 60 
60 70 
70 80 
80 90 
90 100 
Tolal 
Tolal' 
for strata 
35 
17 
27 
20 
o 
o 
o 
o 
o 
o 
99 
"-n'lIy per 'tralum ( Tirgelolhectl,e) 
Io<:aolion 
1 Ho .. 4km 
1 Hlas 4km 
1 Hilts 4km 
1 Halls 4km 
1 Hlas 4km 
1 Hills 4km 
1 HI .. 4km 
1 Hoas 4km 
I H.1ts 4km 
",ata depth 
Time min 
10:00 
10:00 10 
10:00 20 
10:00 30 
10:00 40 
10:00 50 
10:00 60 
1000 70 
10:00 80 
stratum stratum 
fish/m A 3 FlshIHec. 
10 0.0019 148.0000 
20 0.0002 22.0000 
30 0.0003 27 .7000 
40 0.0004 35.9000 
50 0.0000 0.0000 
60 0.0000 0.0000 
70 0.0000 0.0000 
80 0.0000 0.0000 
90 0.0000 0.0000 
Db 
-69 
7 
0.57 
-69 
29.6000 
1.2941 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
-67 
6 
-65 
10 
1 
1 
3 
15 
-63 
6 
11 
-61 
2 
2 
3 
o 
Lenglh(cm)fTarget strenglh(Db) 
0.73 0.93 1. 18 1.51 
-67 -65 -63 -61 
25.3714 42.2857 25.3714 B 4571 
1.2941 1.2941 1.2941 25BB2 
1.0259 1.0259 1.0259 3.0778 
0.0000 5.3850 5.3850 0.0000 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
·59 
2 
1.92 
-59 
8.4571 
1.2941 
4.1037 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
-57 
2.44 
-57 
4.2286 
0.0000 
2.051a 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
-55 
o 
3. 11 
-55 
0.0000 
2.5882 
2.0519 
1.7950 
ERR 
ERR 
ERR 
ERR 
ERR 
-53 
o 
2 
2 
o 
3.95 
-53 
0.0000 
2.5882 
2.0519 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
-51 
1 
o 
1 
o 
5.03 
-51 
4.2286 
0.0000 
1.0259 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
-49 
o 
o 
3 
2 
6.40 
-49 
0.0000 
0.0000 
3.0778 
3.5900 
ERR 
ERR 
ERR 
ERR 
ERR 
-47 
o 
1 
2 
3 
8.15 
-47 
0.0000 
1.2941 
2.0519 
5.3850 
ERR 
ERR 
ERR 
ERR 
ERR 
-45 
o 
o 
10.37 
-45 
0.0000 
0.0000 
1.0259 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
-43 
o 
o 
13.20 
-43 
0.0000 
0.0000 
1.0259 
1.7950 
ERR 
ERR 
ERR 
ERR 
ERR 
-41 
o 
o 
o 
o 
16.79 
-41 
0.0000 
0.0000 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
-39 
o 
2 
21 .37 
-39 
0.0000 
2.5882 
1.0259 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
-37 
o 
o 
o 
2 
27.20 
-37 
0.0000 
0.0000 
0.0000 
3.5900 
ERR 
ERR 
ERR 
ERR 
ERR · 
-35 
o 
34.82 
-35 
0.0000 
1.2941 
0.0000 
1.7950 
ERR 
ERR 
ERR 
ERR 
ERR 
-33 
o 
o 
o 
2 
44.05 
-33 
0.0000 
0.0000 
0.0000 
3.5900 
ERR 
ERR 
ERR 
ERR 
ERR 
-31 
o 
o 
1 
1 
56.06 
-31 
0.0000 
0.0000 
1.0259 
1.7950 
ERR 
ERR 
ERR 
ERR 
ERR 
-29 
o 
71 .35 
-29 
0.0000 
1.2941 
0.0000 
1.7950 
ERR 
ERR 
ERR 
ERR 
ERR 
-27 
o 
o 
o 
o 
90.81 
-27 
0.0000 
0.0000 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
·25 
o 
1 
o 
o 
115.57 
-25 
0.0000 
1.2941 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
-23 
o 
o 
1 
o 
147.08 
-23 
0.0000 
0.0000 
1.025a 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
-21 
o 
187.18 
-21 
0.0000 
0.0000 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
tot.l, 0.000434 233.6000 18.8768 18.8768 35.3939 25.9556 165172 16.5172 7.0788 11 .7980 9.4384 4.7192 11.7980 14.1576 2.3596 4.7192 0.0000 7.0788 4.7192 4.7192 4.7192 4.7192 4.7192 0.0000 2.35116 2.3511& 0.0000 
Actu,1 n,h per ,tratl (This run was at dusk-potential cause lor high densities) 
Depth .Ir.ta T 01., • Db 
Run Io<:aotion TUne min lor strata -69 
2 
2 
o 
1 
-67 
2 
o 
o 
I 
-65 -63 
2 
o 
10 
o 
-61 
I 
o 
13 
2 
-59 -57 
2 
1 
13 
4 
-55 
2 
o 
13 
-53 
I 
o 
19 
6 
-51 
I 
I 
10 
7 
-49 
2 
o 
17 
-47 
o 
2 
II 
2 
-45 
o 
o 
15 
2 
-43 
o 
o 
9 
2 
-41 
o 
o 
3 
3 
-39 
o 
o 
3 
o 
-37 
2 
o 
I 
1 
-35 
o 
o 
2 
3 
-33 
o 
o 
3 
2 
-31 
o 
I 
2 
2 
-29 
I 
o 
1 
I 
-27 
o 
o 
-25 
o 
o 
o 
o 
-23 
o 
o 
2 
I 
-21 
o 
o 
o 
o 
Run 
2 Holts 4km 
2 H ... 4km 
2 Ho" 4km 
2 Holts 4km 
2 Hilts 4km 
2 Hills 4km 
2 Holls 4km 
2 Halts 4km 
2 Hln.4km 
2 H.1ts 4km 
10.00 
10:00 10 
10:00 20 
10·00 30 
10:00 40 
10:00 50 
10.00 60 
10:00 70 
10:00 80 
10:00 90 
Total 
den,'ty per .t .. tum ( Torget.lhectlre) 
.t,ala depth 
Iocc,tion 
2 Hilts 4km 
2 HI" 4km 
2 Hilts 4km 
2 Hilts 4km 
2 Halts 4km 
2 Holts 4km 
2 Ha .. 4km 
2 Holls 4km 
2 Holts 4km 
Time min 
10:00 2 
10:00 10 
10:00 20 
10:00 30 
10:00 40 
10:00 50 
10.00 60 
10:00 70 
10:00 80 
10 23 
20 9 
30 162 
40 54 
50 0 
60 
70 
BO 
90 
100 
248 
stratum stratum 
fishlmA.3 Fishlt-4ec. 
10 0.0017 139.2000 
20 0.0001 13.8000 
30 0.0017 170.0000 
40 0.0015 151 .0000 
50 0.0000 0.0000 
60 0.0000 00000 
70 0.0000 0.0000 
80 0.0000 0.0000 
90 0.0000 0.0000 
0.57 
-69 
12.1043 
3.0667 
0 .0000 
2.7963 
ERR 
ERR 
ERR 
ERR 
ERR 
totals 0.00131 4740000 9.5565 
Ac1uol fl'h per .trat. 
Depth strata Total. 
Run Ioccatton Time 'or strata 
Run 
10 68 I HoMs M.ln ch.nnel 10:00 
I Halls Mlin channel 10.00 
1 Halts Mlin chlnnel 10:00 
I Hafts MI" chlnnel 10:00 
I H.1ts Mlin channel 10.00 
1 Hilts Mlin chlnnel 1000 
1 Ha .. Mlin ch.nnel 10:00 
1 HI" Main channel 10 00 
I Hilts Mlin chlnnel 10.00 
1 H.1Is Ml ln chlnnel 1000 
10 20 15 
20 30 
30 40 IS 
40 50 31 
50 60 24 
60 70 22 
70 BO 14 
80 90 9 
90 100 4 
Total 203 
denlity per stratum ( Torget,/hecla'e) 
strata depth 
Ioccolion Time 
1 Hills Mlin channel 1000 
1 HIlls Main channel 1000 to 
I Hilts Main channel 1000 20 
1 HI" Mlin chlnnel 10 00 30 
1 HI" Main channel 1000 40 
I H.II. Main chlnnel 10.00 50 
I Halls Main chlnnel 10:00 60 
I HIRs Moin channel 10·00 70 
1 Ha •• Mlln channel 1000 80 
90 
stratum stratum 
fish/m A 3 FilM-tec 
10 0.0042 3315.0000 
20 00001 130000 
30 00000 0 3720 
40 0.0000 3 1500 
50 0.0000 4 7700 
60 0.0000 3 1200 
70 0.0000 2 1400 
80 00000 1.5500 
90 0.0000 0 8770 
100 0.0000 t 0400 
Db . 
-69 
5 
2 
o 
o 
o 
o 
o 
0.57 
-ti9 
247059 
1.7333 
00000 
0.0000 
0.0000 
00000 
00000 
00000 
00000 
00000 
13 12 16 
Lenglh(cm)ITarget ",ength(Db) 
0.73 0.93 1. 18 LSI 
-67 -65 -63 -61 
12.1043 6.0522 12. 1043 6.0522 
0.0000 3.0667 0.0000 0.0000 
0.0000 8.2963 10.4938 13.6420 
2.7963 11 . 1852 0.0000 5.5926 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
16 
1.92 
-59 
24.2087 
0.0000 
8.3951 
11. 1852 
ERR 
ERR 
ERR 
ERR 
ERR 
20 
2.44 
-57 
12.1043 
1.5333 
13.6420 
11.1852 
ERR 
ERR 
ERR 
ERR 
ERR 
5 
20 
3.11 
-55 
12.1043 
0.0000 
13.6420 
13.9815 
ERR 
ERR 
ERR 
ERR 
ERR 
26 
3.95 
-53 
6.0522 
0.0000 
19.9383 
16.7778 
ERR 
ERR 
ERR 
ERR 
ERR 
19 
5.03 
-51 
6 .0522 
. 1.5333 
10.4938 
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0.0000 
0.0936 
0.1862 
0.0000 
·23 
o 
o 
o 
o 
o 
o 
o 
o 
1 
o 
147.08 
·23 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.oe31 
0.0000 
·21 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
187.18 
·21 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
total. 0.0000 211 2960 4.1841 12.5522 12.5522 10.4602 16.7363 15.6903 13.5983 13.5983 14.6443 8.3882 12.5522 8.3682 9.4142 7.3221 7.3221 e.4142 4.1841 5.2301 5.2301 2.0920 6.2761 5.2301 5.2301 1.0480 0.0000 
Mokl Canyon And Moki moln chlnnel 
ActuII filh PI' ,t,ata 
Ioccation 
1 Mokl2km 
1 Mokl 2km 
1 Moki 2km 
1 Mokl 2km 
1 Moki2km 
1 Mokl2km 
1 Moki 2km 
1 Mokl2km 
1 Mokl2km 
1 Moki 2km 
Time 
10:00 
10:00 
10.00 
10:00 
10:00 
10:00 
10:00 
10:00 
10:00 
10:00 
Depth sl'ata 
min 
10 
10 20 
20 30 
30 40 
~ 50 
50 60 
60 ro 
ro ~ 
~ 90 
90 100 
Tolal 
Total' 
for strati 
95 
17 
o 
o 
o 
o 
o 
o 
112 
dB 
~9 
7 
2 
denltty pe' .t .. tum ( Ta'get.lhech,e) 
sl'ala depth stratum Itratum 0.57 
Ioccation 
1 Moki 2km 
1 Moki 2km 
1 Mokl 2km 
1 Moki2km 
1 Mokl2km 
1 MokI2km 
1 MokI2km 
1 Moki 2km 
1 Mokl2km 
Time 
10:00 
10 00 
10.00 
10'00 
10.00 
10:00 
10:00 
1000 
1000 
10 
20 
. 30 
40 
50 
60 
70 
80 
fishlmA3 FishlHec. ~9 
10 0.0207 1656.0000 122.0211 
20 0.0528 5280.0000 621 .1765 
30 0.0000 0.0000 ERR 
40 0.0000 0.0000 ERR 
50 0.0000 0.0000 ERR 
60 0.0000 0.0000 ERR 
70 0.0000 00000 ERR 
80 0.0000 00000 ERR 
90 0.0000 0.0000 ER R 
~7 
21 
o 
21 
~5 
11 
3 
14 
~3 
21 
22 
~ 1 
11 
3 
14 
Length(cm)fla'get st,ength(dB ) 
·59 
5 
2 
·57 
1 
1 
0.73 0.93 1 18 1.51 1.92 2.44 
~7 ~5 ~3 ~1 ·59 ·57 
366.0632 191 .7474 368.0632 191.7474 87 .1579 17.4318 
00000 931.7647 310.5882 931 .7647 621 .1765 310.5882 
ERR ERR ERR ERR ERR ERR 
ERR ERR ERR ERR ERR ERR 
ERR ERR ERR ERR ERR ERR 
ERR ERR ERR ERR ERR ERR 
ERR ERR ERR ERR ERR ERR 
ERR ERR ERR ERR ERR ERR 
ERR ERR ERR ERR ERR ERR 
·55 
3 
o 
3.11 
·55 
52.2947 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
·53 
o 
o 
3.95 
-53 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
·51 
2 
o 
5.03 
·51 
34.8632 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-49 
1 
o 
-47 
2 
1 
6.40 8.15 
-49 -47 
17.4316 34.8632 
0.0000 310.5882 
ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 
-45 
o 
o 
10.37 
-45 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
-43 
3 
o 
-41 
3 
2 
·39 
2 
1 
·37 
1 
I 
13.20 16.79 21 .37 27.20 
-43 -41 ·39 ·37 
52.2947 52.2947 34.8632 17.4318 
0.0000 621.1765 310.5862 31 0.5882 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
-35 
o 
o 
34.82 
-35 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
·33 
44.05 
·33 
17.4316 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
·31 
o 
56.06 
·31 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
·29 
o 
o 
71 .35 
·211 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
·27 
o 
o 
90.81 
·27 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
·25 
o 
o 
115.57 
·25 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
·23 
o 
o 
147.08 
·23 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
·21 
o 
o 
187.16 
·21 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
10t.l, 00166 6938 0000 557.3571 1300 5000 867 .0000 13624286 8670000 433.5000 123.8571 185.7657 0.0000 123.8571 6 1.112811 185.7857 0.0000 185.7857 309.6429 185.7657 123.8571 0.0000 61 .9286 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Actual nih pe' It,,," 
dB 
Run kJccation Ttme 
10'00 
Depth sl,.'a Total. 
lor sttata ~9 
7 
~7 
12 
~5 
25 
~3 
21 
~1 
12 
·59 
8 
·67 
4 
·55 
1 
·53 
o 
·5 1 
o 
-49 
1 
-47 
o 
-45 
3 
-43 
o 
-41 
2 
·39 
2 
·37 
3 
·35 
2 
·33 
o 
· 31 
I 
·29 
o 
·27 
o 
·25 
o 
·23 
o 
·21 
o 2 Mokl2 5km 10 104 
Run 
Run 
Run 
Run 
Run 
2 Moki 2 Skm 
2 Moki 2 5km 
2 Moki 2.Skm 
2 Mokl2.Skm 
2 Moki 2.5km 
2 Moki2 Skm 
2 Mok.2 5km 
2 Mokl 2 Skm 
2 Moki 2.Skm 
10 00 
1000 
10 00 
10:00 
1000 
1000 
1000 
10 00 
1000 
10 
20 
30 
40 
50 
60 
70 
80 
90 
Total 
den.lty 1M' .t,alum ( Ta'gel,/h..:ta,e) 
kJcceHon 
2 Moki 2.Skm 
2 Moki 2.5km 
2 Mokl2.5km 
2 Moki 2.Skm 
2 Mokl2.5km 
2 Moki2.5km 
2 Moki 2.5km 
2 Moki 2.5km 
2 Moki 2.5km 
slrala depth 
Time min 
1000 
10.00 10 
10.00 20 
10:00 30 
10.00 40 
10:00 50 
10:00 60 
10:00 70 
10.00 80 
20 
30 
40 
50 
60 
70 
00 
90 
100 
74 
6 
o 
184 
stratum stratum 
fish/m"J FishlHec. 
10 0.0103 8240000 
20 00015 147.0000 
30 00002 21 1000 
40 0.0000 0.0000 
50 0.0000 0.0000 
60 0.0000 0.0000 
70 0.0000 0.0000 
80 00000 0.0000 
90 0.0000 00000 
12 
0.57 
.fi9 
55.4615 
99324 
00000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
IS 
o 
27 
13 10 
38 31 
II 
o 
23 
Lenglh(cm)ITarget slrenglh(d8 ) 
0.73 0.93 1. 18 1.51 
.fi7 .fi5 .fi3 .fil 
950769 198.0769 166.3846 950769 
297973 25.8243 198649 21 .8514 
0.0000 0 0000 0 0000 0 0000 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
14 
1.92 
·59 
63.l848 
11.9189 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
2.44 
·57 
31 .8923 
5.9595 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
3.11 
·55 
7.9231 
3.9730 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
3.9S 
·53 
0.0000 
0.0000 
3.5167 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
5.03 
·51 
0.0000 
0.0000 
3.5167 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
6.40 
-49 
7.9231 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
8.15 
-47 
0.0000 
1.9865 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
10.37 
-'15 
23.7692 
1.9865 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
13.20 
-'13 
0.0000 
1.9865 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
16.79 
-'11 
15.8462 
3.9730 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
21 .37 
·39 
15.8462 
1.9865 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
27.20 
·37 
23.7692 
0.0000 
3.5167 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
34.62 
·35 
15.8462 
1.9865 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
44.05 
·33 
0.0000 
1.8865 
3.5167 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
56.06 
·31 
79231 
1.9865 
3.51!!7 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
71 .3S 
·29 
0.0000 
0.0000 
3.5167 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
90.81 
·27 
0.0000 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
115.57 
·25 
0.0000 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
147.08 
·23 
0.0000 
0.0000 
0 .0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
187.18 
·21 
0.0000 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
totalo 0.00228 992.1000 64.7022 145.57992048902 167. 1473 124.0125 75.4859 37.7429 16.1755 5.3918 5.3918 5.3918 5.3918 21 .S674 5.3918 21 .5674 16.1755 21 .5674 16.1755 10.7837 16.1755 5.3918 0.0000 0.0000 0.0000 0.0000 
Actual noh 1M' ot,.to 
laccation 
3 Mokl3km 
3 Mokl3km 
3 Moki 3km 
3 Mokl3km 
3 Mokl3km 
3 Mokllkm 
3 Mokl3km 
3 Moki lkm 
3 Mokl3km 
3 Mokilkm 
Time 
10:00 
10:00 
10:00 
10:00 
10:00 
10:00 
10:00 
10:00 
10:00 
10.00 
Deplh .trata 
2 10 
10 20 
~ 30 
30 q 
q 50 
50 ~ 
~ ro 
ro ~ 
~ 90 
90 100 
~~ 
Total ' 
for strata 
72 
26 
27 
1 
o 
o 
o 
o 
o 
o 
126 
dB 
.fi9 
6 
o 
o 
o 
.6 
denotty 1M' .t .. lum ( Targela/hectare) 
slrato deplh stratum stratum 0.57 
1occaUon 
3 Mokl3km 
3 Moki 3km 
3 Moki 3km 
3 Moki 3km 
3 Moki 3km 
3 Moki 3km 
3 Mokl 3km 
3 Moki 3km 
3 Moki 3km 
Time 
10.0C 
1000 
1000 
1000 
10:00 
10:00 
10:00 
10.00 
10:00 
10 
20 
30 
40 
50 
60 
70 
80 
fish/m A 3 FishlHec. .fi9 
10 0.0080 6424000 53.5333 
20 00004 445000 0.0000 
30 00003 28 8000 00000 
40 0.0001 7.0400 00000 
50 0.0000 0.0000 ERR 
60 0.0000 0.0000 ERR 
70 0.0000 0.0000 ERR 
BO 00000 0.0000 ERR 
90 0.0000 0.0000 ERR 
.fi7 
14 
3 
o 
o 
17 
.fi5 
18 
2 
21 
.fi3 
12 
6 
19 
.fil 
10 
15 
Length(cm)ITarget'lrenglh(Db ) 
0.73 0.93 1. 18 1.51 
.fi7 .fi5 ~3 .fil 
1249111 160.6000 107.0667 892222 
5. 1346 3 4231 10 2692 68462 
00000 1 006 7 I 0067 I 0007 
o 0000 0.0000 0 0000 0.0000 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
·59 
5 
2 
2 
o 
1.92 
·59 
44.6111 
34231 
2. 1333 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
·57 
3 
o 
o 
o 
2.44 
·57 
26.7867 
0.0000 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
·55 
2 
1 
o 
o 
3.11 
-55 
17.8444 
1.7115 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
·53 
3.95 
·53 
8.9222 
0.0000 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
·51 
o 
o 
2 
o 
5.03 
·51 
0.0000 
0.0000 
2. 1333 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
-49 
o 
6 .40 
-'19 
0.0000 
1.7115 
10667 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
-47 
8.15 
-47 
8.9222 
00000 
3.2000 
7.0400 
ERR 
ERR 
ERR 
ERR 
ERR 
·45 
o 
o 
1 
o 
10.37 
-45 
00000 
0.0000 
10667 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
-43 
o 
1 
13.20 
-43 
0.0000 
17115 
1 0067 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
-41 
o 
1 
o 
o 
16.79 
-41 
00000 
1 71 15 
00000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
·39 
o 
o 
1 
o 
21.37 
·39 
0.0000 
0.0000 
1.0667 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
·37 
o 
o 
2 
o 
27.20 
·37 
0.0000 
0 .0000 
2. 1333 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
·35 
o 
1 
1 
o 
34.62 
·35 
0.0000 
1.7115 
10667 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
·33 
o 
o 
2 
o 
44.05 
·33 
0.0000 
0.0000 
2.1333 
00000 
ERR 
ERR 
ERR 
ERR 
ERR 
·31 
o 
o 
3 
o 
56.06 
·31 
0.0000 
0.0000 
3.2000 
00000 
ERR 
ERR 
ERR 
ERR 
ERR 
·29 
a 
1 
2 
o 
71 .35 
·29 
00000 
17115 
21333 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
·27 
o 
1 
o 
o 
90.81 
·27 
0.0000 
17115 
00000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
·25 
o 
1 
o 
o 
115.57 
·25 
0.0000 
1.7115 
00000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
·23 
o 
o 
3 
o 
147.08 
·23 
0.0000 
0.0000 
3.2000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
·21 
o 
1 
o 
o 
187. 18 
·21 
0.0000 
1.7115 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
ERR 
tot.l. 0.000784 722.7400 34 .4162 97.5125 120.4567 108.9846 86.0405 51 .6243 17.2081 17.2081 5.7360 11.4721 11 .4721 28.6802 5.7360 11 .4721 5.7360 5.7360 11 .4721 11 .4721 11 .4721 17.2081 17.208 1 5.7360 5.7360 17.2081 5.7360 
Actual nah IMr atrata 
Iocc.tion 
4 Moki3.8km 
4 Mold3.8km 
4 Mold 3.8km 
4 Moki3.8km 
4 Moki 3.8km 
4 Moki 3.8km 
4 Moki3.8km 
4 Mold3.8km 
4 Mold3.8km 
4 Moki 3.8km 
nme 
10:00 
10:00 
10:00 
10:00 
10:00 
10:00 
10:00 
10:00 
10:00 
10.00 
Depth ,Iral' Tot." 
min for strata 
10 62 
10 20 8 
20 30 17 
30 40 25 
40 50 10 
50 60 0 
~ 70 0 
70 80 0 
80 90 0 
90 100 0 
Total 122 
den.tty IMr alr.lum ( Torgeta/hect.re) 
1occalion 
4 Moki 3.8km 
4 Mokl 3.8km 
4 Moki 3.8km 
4 Mokl 3.8km 
4 Moki 3.8km 
4 Moki 3.8km 
4 Moki 3.8km 
4 Moki 3.8km 
4 Moki 3.8km 
.Irata depth 
Time min 
10:00 2 
10.00 10 
1000 20 
10.00 30 
10'00 40 
10.00 50 
10'00 60 
10.00 70 
1000 BO 
stratum stratum 
flsh/m" 3 Fish/Hec. 
10 0.0063 500.0000 
20 0.0002 16.9000 
30 0.0002 17.2000 
40 0.0002 19.2000 
50 0.0001 11.3000 
60 0.0000 0.0000 
70 0.0000 0.0000 
80 0.0000 0.0000 
90 0.0000 00000 
Db 
.fi9 
8 
o 
o 
o 
o 
0.57 
~9 
64.5161 
0.0000 
0.0000 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
.fi7 
5 
.fi5 
18 
2 
o 
o 
o 
20 
.fi3 
11 
2 
14 
.fil 
6 
o 
Length(cm)ITorget strenglh(Db) 
0.73 0.93 1.18 1.51 
.fi7 .fi5 .fi3 ~1 
40.3226 145.1613 88.7097 48.3871 
2. 1125 4.2250 4.2250 0.0000 
0.0000 0.0000 0.0000 1.0118 
0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 1. 1300 0.0000 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
·59 
6 
12 
1.92 
·59 
48.3871 
2. 1125 
3.0353 
0.0000 
2.2600 
ERR 
ERR 
ERR 
ERR 
·57 
2 
2.44 
·57 
16.1290 
2. 1125 
0.0000 
0.7680 
0.0000 
ERR 
ERR 
ERR 
ERR 
·55 
2 
o 
o 
o 
1 
3. 11 
·55 
16.1290 
0.0000 
0.0000 
0.0000 
1.1300 
ERR 
ERR 
ERR 
ERR 
·53 
o 
o 
I 
o 
1 
3.95 
·53 
0.0000 
0.0000 
1.0118 
0.0000 
1.1300 
ERR 
ERR 
ERR 
ERR 
·51 
o 
o 
o 
5.03 
·51 
0.0000 
0.0000 
0.0000 
0.7680 
0.0000 
ERR 
ERR 
ERR 
ERR 
-49 
o 
o 
6.40 
-49 
0.0000 
0.0000 
1.0118 
0.7680 
2.2600 
ERR 
ERR 
ERR 
ERR 
-47 
o 
o 
1 
o 
o 
8.15 
-47 
0.0000 
0.0000 
1.0118 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
-45 
10.37 
-45 
8.0645 
0.0000 
3.0353 
0.0000 
0.0000 
ERR 
ERR 
ERR 
,ERR 
-43 
o 
o 
2 
o 
1 
13.20 
-43 
00000 
0.0000 
2.0235 
0.0000 
1.1300 
ERR 
ERR 
ERR 
ERR 
-41 
o 
o 
2 
o 
o 
16. 79 
-41 
0.0000 
00000 
2.0235 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
·39 
o 
o 
o 
3 
2 
21 .37 
·39 
0.0000 
0.0000 
0.0000 
2.3040 
2.2600 
ERR 
ERR 
ERR 
ERR 
·37 
I 
o 
o 
2 
o 
27.20 
·37 
8.0645 
0.0000 
0 .0000 
1.5360 
0 .0000 
ERR 
ERR 
ERR 
ERR 
·35 
o 
o 
o 
3 
o 
3-4.62 
·35 
0.0000 
0.0000 
0.0000 
2.3040 
0.0000 
ERR 
ERR 
ERR 
ERR 
·33 
o 
o 
o 
3 
o 
44 .05 
-33 
0.0000 
0.0000 
0.0000 
2.3040 
0.0000 
ERR 
ERR 
ERR 
ERR 
·31 
o 
o 
56.06 
·31 
0.0000 
0.0000 
1.0118 
5.3760 
0.0000 
ERR 
ERR 
ERR 
ERR 
·29 
o 
o 
1 
3 
o 
71.35 
·29 
0.0000 
0.0000 
1.0118 
2.3040 
0.0000 
ERR 
ERR 
ERR 
ERR 
·27 
o 
90.81 
·27 
00000 
2.1125 
0.0000 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
·25 
o 
o 
o 
o 
o 
115.57 
·25 
0.0000 
0 .0000 
0.0000 
0.0000 
0 .0000 
ERR 
ERR 
ERR 
ERR 
·23 
o 
o 
1 
147.08 
·23 
0.0000 
0.0000 
1.0118 
0.7680 
0.0000 
ERR 
ERR 
ERR 
ERR 
·21 
2 
o 
o 
o 
o 
187.18 
·21 
1I!.1290 
0.0000 
0.0000 
0.0000 
0.0000 
ERR 
ERR 
ERR 
ERR 
totala 0.000354 5646000 37 .0230 277672 92.5574 64.7902 323951 55.53-44 18.5115 13.8836 9.2557 4.6278 18.5115 4.6279 18.5115 13.8836 9.2557 23.1393 13.8836 13.8836 13.8836 37.0230 18.5115 46279 0.0000 9.2557 9.2557 
Actual noh IMr alrata 
dB 
Run Ioccation 
Depth strola 
rime min 
Tolal. 
tor 5(rata .fi9 
2 
.fi7 
11 
.fi5 
18 
14 
.fi3 
11 
.fil 
6 
3 
o 
·59 ·57 
5 
·55 · 53 
o 
o 
o 
·51 
o 
o 
o 
o 
3 
o 
-49 
o 
o 
o 
2 
o 
o 
-47 
o 
o 
o 
o 
o 
o 
-45 
o 
o 
o 
-43 -41 ·39 ·37 
2 
1 
2 
1 
o 
o 
·35 
o 
o 
·33 
o 
o 
o 
3 
o 
1 
·31 
o 
o 
3 
3 
o 
1 
·29 
o 
o 
2 
·27 
o 
o 
·25 
o 
o 
o 
2 
o 
o 
·23 
o 
2 
o 
3 
o 
1 
· 21 
o 
o 
o 
o 
o 
o 
5 Mold4.5km 
5 Mokl4 5km 
5 Moki 4 5km 
5 Moki 4.5km 
5 Moki 4 5km 
5 Mokl4 5km 
10:00 
10'00 10 
10.00 20 
1000 30 
10'00 40 
10.00 50 
10 62 
20 34 
30 21 5 
40 30 
50 8 
eo 
Run 
5 Mokl 4 olo;m 
5 Mokl4 .5km 
5 Moki 4 5km 
5 Moki 4 5km 
1000 
10 00 
10 00 
1000 
60 
70 
80 
90 
Total 
denllty pe' It,.tum ( Ta'gehlhecl.re) 
s tr a ta depth 
Ioccation 
5 Mokl 4 5km 
5 Moki4 5km 
5 Moki 4 5km 
5 Moki 4.Skm 
5 Moki 4.5km 
5 Moki 4.Skm 
5 Moki 4.Skm 
5 Moki 4 5km 
5 Moki 4 5km 
Time 
10'00 
10 00 
10.00 
1000 
1000 
10.00 
1000 
10.00 
1000 
10 
20 
30 
40 
50 
60 
70 
60 
70 
80 
90 
100 
14 
o 
173 
stratum stratum 
'l s h/m "3 FishlHec. 
10 0 0048 365 6000 
20 0.0004 40 1000 
30 0.0001 11 .0000 
40 0.0001 10.9.000 
50 0.0000 2 5600 
60 00000 20100 
70 0.0002 22.6000 
80 0.0000 00000 
90 0.0000 0 0000 
057 
-69 
12.4387 
35362 
05238 
0.0000 
00000 
0.0000 
0.0000 
ERR 
ERR 
12 36 20 10 
Lenglh(cm)/Targel.trength(Db) 
0.73 093 1.16 1.5t 
~7 ~5 ~3 ~1 
664129 1119484 68.4129 37316t 
1.1794 16.5118 8.2559 35382 
0.0000 2.5190 0.5238 0.0000 
0.0000 0.3633 0.0000 0.0000 
00000 0.0000 0.3225 03225 
o 0000 0.0000 00000 0.0000 
0.0000 0.0000 00000 00000 
ERR ERR ERR ERR 
ERR ERR ERR ERR 
1.92 
-59 
24 .8774 
2.3586 
0 .5238 
0.0000 
0 .0000 
0 .0000 
0 .0000 
ERR 
ERR 
2." 
-57 
31 .0968 
1.1711<4 
0.5238 
0.0000 
0.3225 
0.0000 
0.0000 
ERR 
ERR 
3.11 
-55 
0.0000 
0.0000 
0.5238 
0.7267 
0.3225 
0.0000 
0 .0000 
ERR 
ERR 
395 
-53 
00000 
0.0000 
0.0000 
1.4533 
0.3225 
0.0000 
1.11286 
ERR 
ERR 
5.03 
-51 
0.0000 
0.0000 
0.0000 
0.0000 
0.9675 
0.0000 
0.0000 
ERR 
ERR 
6.40 
~9 
0.0000 
0.0000 
0.0000 
0.7267 
0.0000 
0.0000 
0.0000 
ERR 
ERR 
8.15 
~7 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
1.6286 
ERR 
ERR 
10.37 
~5 
00000 
00000 
0.0000 
0 .3633 
0 .0000 
0 .0000 
0 .0000 
ERR 
ERR 
13.20 
~3 
6 .2194 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
1.6286 
ERR 
ERR 
16.79 
~1 
6.2194 
0.0000 
0.5238 
0.0000 
0.0000 
0.0000 
11 .4000 
ERR 
ERR 
21 .37 
-39 
11.2194 
0.0000 
0.5238 
1.8167 
0.0000 
0.0000 
0.0000 
ERR 
ERR 
27.20 
-37 
12.4387 
1.1711<4 
1.()476 
0.3633 
0.0000 
0.0000 
3.2571 
ERR 
ERR 
34.112 
-35 
0.0000 
0.0000 
0.5238 
0.3633 
0.0000 
0.0000 
0.0000 
ERR 
ERR 
44.05 
-33 
0.0000 
0.0000 
0.0000 
1.0900 
0.0000 
0.5025 
1.11286 
ERR 
ERR 
56.06 
-31 
0.0000 
0.0000 
1.5714 
1.0900 
0.0000 
0.5025 
0.0000 
ERR 
ERR 
71.35 
-29 
0.0000 
0.0000 
1.0476 
0.3633 
0.0000 
0.0000 
0.0000 
ERR 
ERR 
90.81 
-27 
00000 
0.0000 
0.5238 
0.3633 
0 .0000 
0.5025 
0.0000 
ERR 
ERR 
115.57 
-25 
0.0000 
0.0000 
0.0000 
0.7267 
0.0000 
0.0000 
1.6286 
ERR 
ERR 
147.08 
-23 
0.0000 
2.3588 
0.0000 
1.0900 
0.0000 
0.5025 
0.0000 
ERR 
ERR 
187. 18 
-21 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
ERR 
ERR 
tot. II 0.000168 474 9900 164736 32.9473 104.3331 54.9121 27.4561 19.2192 21 .9649 10.9824 16.4736 8.2368 5.4912 2 .7456 2.7456 5.4912 24.7105 19.2192 21 .9649 5.4912 13.7280 19.2192 8.2368 11.2368 8.2368 18.4736 0.0000 
Actu.1 fllh pe' .t,.t. 
Depth strata Total * Db 
Run Ioccatton Time min for strata ~9 
12 
5 
o 
o 
o 
o 
o 
RUn 
6 Moki S.5km 
6 Moki 55km 
6 Mo.d 5 Skm 
6 Mokl5 5km 
6 Moki 5.5km 
6 Moki 5.5km 
6 Moki 5 5km 
6 Mokl S.5km 
6 Moki 5 5km 
6 Mokl5.5km 
1000 10 77 
1000 10 20 64 
10.00 20 30 15 
10.00 30 40 33 
10.00 40 50 1 I 
1000 50 60 32 
10 00 60 70 22 
10'00 70 80 24 
10.00 60 90 0 
10'00 90 100 0 
Total 276 17 
d.n,ily pe' ,t,.tum ( TarS.II/hecl.,e) 
stra ta depth stratum stratum 0.57 
!oceaHon Time li stVm"3 FlshiHec. -69 
6 Moki 5.5km 10'00 
6 Mo ki S.5km 
6 Mokl5.5km 
II Mokl 5.5km 
6 Moki 5.5km 
6 Moki 5.5km 
5 Moki 5 5km 
6 Moki 5.5km 
6 Moki 5.5km 
10 00 
1000 
1000 
10:00 
10'00 
1000 
1000 
10.00 
10 
20 
30 
40 
50 
60 
70 
80 
10 00088 707 2000 1102130 
20 00011 110.0000 85938 
30 0.000 1 9.6300 0 0000 
40 00001 11 .9000 00000 
50 00000 31300 0.0000 
60 0.0001 72400 00000 
70 00001 7 1400 0.0000 
80 0 0002 20 1000 0 0000 
90 0.0000 00000 ERR 
~7 
10 
15 
26 
~5 
17 
15 
33 
~3 
19 
14 
2 
35 
~1 
9 
5 
2 
o 
o 
17 
Length(cm)/Target strength(Db) 
0.73 093 1. 18 1.51 
~7 ~5 ~3 ~1 
91 .8442 156 1351 174.5039 826597 
257813 257813 24 .0625 85938 
0.6420 06420 1.2640 1.2640 
00000 00000 0.0000 0.0000 
0.0000 00000 0.0000 0.0000 
00000 0.0000 00000 0 2263 
0 0000 00000 0.0000 0.0000 
00000 0.0000 00000 0.0000 
ERR ERR ERR ERR 
-59 
4 
12 
1.92 
-59 
36.7377 
6.8750 
0.6420 
0.0000 
0.5691 
00000 
0.3245 
00000 
ERR 
-57 
2.44 
-57 
9.1844 
3.4375 
0.0000 
O.36oe 
0.0000 
0.2263 
0.0000 
0.0000 
ERR 
-55 
2 
o 
o 
o 
1 
4 
o 
o 
3.11 
-55 
18.3688 
6.0000 
0.0000 
0.0000 
0.2845 
0.9050 
0.0000 
0.0000 
ERR 
-53 
o 
o 
o 
o 
1 
o 
3.95 
~53 
0.0000 
0.0000 
0.0000 
0.0000 
0.2845 
0.0000 
0.3245 
00000 
ERR 
-51 
o 
o 
o 
1 
o 
o 
o 
o 
5.03 
-51 
0.0000 
0.0000 
0.0000 
0.3606 
0.0000 
0.0000 
0.0000 
0.0000 
ERR 
~9 
o 
o 
o 
3 
1 
o 
6 .40 
~9 
0.0000 
0.0000 
0.0000 
1.0818 
0.2845 
0.0000 
0.3245 
0.0000 
ERR 
~7 
o 
o 
o 
o 
o 
o 
l ' 
o 
8 . IS 
~7 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
03245 
0.0000 
ERR 
~5 
o 
o 
o 
10.37 
-'15 
0.0000 
00000 
0.0000 
0.3606 
0.0000 
0.2263 
0.0000 
0.0000 
ERR 
~3 
o 
o 
2 
13.20 
~3 
0.0000 
0.0000 
12840 
0.3606 
0.2845 
0.0000 
0.3245 
3.3500 
ERR 
~1 
1 
o 
o 
3 
o 
3 
o 
2 
16.79 
~1 
91844 
00000 
0.0000 
1.0818 
00000 
06788 
0.0000 
16750 
ERR 
-39 
o 
21 .37 
-39 
00000 
1.7188 
1.2840 
0.7212 
0.0000 
0.4525 
0.0000 
111750 
ERR 
-37 
o 
o 
1 
3 
o 
o 
3 
11 
27 .20 
-37 
0.0000 
0.0000 
0.6420 
1.0818 
0.0000 
0.0000 
0.9736 
3.3500 
ERR 
-35 
2 
1 
1 
3 
o 
1 
1 
10 
34.62 
-35 
18.3688 
1.7188 
0.6420 
1.0818 
0.0000 
0.2263 
0.3245 
0.8375 
ERR 
-33 
o 
o 
o 
5 
o 
7 
17 
44.05 
-33 
0.0000 
0.0000 
0.0000 
1.8030 
0.0000 
1.5838 
0.3245 
3.3500 
ERR 
-31 
o 
1 
o 
4 
1 
3 
2 
2 
13 
56.06 
-31 
0.0000 
1.7188 
0.0000 
1.4424 
0.2845 
0.6788 
0.6491 
1.6750 
ERR 
-29 
o 
o 
o 
1 
o 
71 .35 
-29 
0.0000 
0.0000 
0.0000 
0.3606 
0.0000 
0.9050 
0.9736 
00000 
ERR 
-27 
o 
1 
o 
2 
o 
90.81 
-27 
0.0000 
1.7188 
0.0000 
0.7212 
0.0000 
0.2263 
09736 
0.8375 
ERR 
-25 
o 
o 
1 
3 
2 
3 
13 
115.57 
-25 
0.0000 
0.0000 
0.6420 
1.0818 
0.5691 
0.6788 
1.2982 
0.0000 
ERR 
-23 
o 
o 
1 
o 
2 
1 
o 
2 
147.08 
-23 
0.0000 
0.0000 
0.6420 
0.0000 
0.5691 
0.2263 
0.0000 
1.8750 
ERR 
-21 
o 
o 
o 
o 
o 
o 
o 
2 
187.18 
-21 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
1.6750 
ERR 
tot." 0.000176 876.3400 53 5891 8195991040260 110.3306 535691 37 .8276 157615 22.0661 6 .3046 3.1523 15.7615 3. 1523 6 .3046 28.3707 28.3707 28.3707 34 .6753 31 .5230 53.5891 40.9799 252184 25.2184 40.9799 18.9138 6 .3048 
Actu.1 fllh pe' ,t,.t. 
Depth strata Totolll 
Run k>cc.tion Time 
10:00 
10:00 
10.00 
10.00 
10.00 
1000 
10:00 
10:00 
10:00 
10:00 
for strata 
Run 
7 Mokl6km 
7 Moki6km 
7 Moki6km 
7 Moki6km 
7 Mokillkm 
7 Moki6km 
7 Moki6km 
7 Moki6km 
7 Mo'd6km 
7 Mokl6km 
2 10 36 
10 20 77 
20 30 29 
30 40 12 
40 50 31 
50 60 37 
60 70 54 
70 80 61 
80 90 25 
90 100 0 
Tol.1 362 
d.n,lty pe' .t,.tum ( Ta'g.t,/hect.,.) 
strata depth stratum stratum 
toce.tton 
7 Moki 6km 
7 Moki6km 
7 MOki6km 
7 Moki 6km 
7 Moki6km 
7 Moki 6km 
7 Moki 6km 
7 Moki 6km 
7 Moki 6km 
Time m in 
10.00 
10.00 10 
10:00 20 
10.00 30 
10.00 40 
10.00 50 
1000 60 
1000 70 
10'00 80 
flshlm"'3 Fish/Hec. 
10 0.0043 342.4000 
20 0.0014 1400000 
30 0.0002 19.8000 
40 0.0000 4.2300 
50 0.0001 69000 
60 0.0001 5.1800 
70 0.0001 7.0700 
80 0.0001 7.8600 
90 0.0001 7 5700 
Db 
~9 
8 
5 
14 
0.57 
~9 
76.0869 
90909 
0.6826 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
~7 
3 
19 
23 
~5 
8 
16 
5 
o 
o 
o 
o 
o 
29 
~3 
5 
15 
6 
o 
30 
~1 
6 
13 
2 
o 
o 
o 
23 
Length(cm)/T.rget st,ength(Db) 
0.73 0.93 1.18 1.51 
~7 ~5 ~3 ~1 
28.5333 760889 47.5556 57.0667 
34 5455 29.0909 27.2727 23.6364 
06828 3.4138 4.0966 1.3655 
00000 0.0000 0.0000 0.0000 
00000 0.0000 0.2226 0.0000 
00000 0.0000 0.3124 0.0000 
00000 0.0000 0.1309 0 1309 
0.0000 0.0000 0.0000 0.0000 
0 .0000 0.0000 0.0000 03028 
-59 
4 
3 
o 
o 
2 
2 
o 
2 
o 
13 
1.92 
-59 
38.0444 
5.4545 
00000 
0.0000 
04452 
0.3124 
00000 
0.2577 
0.0000 
-57 
1 
1 
o 
o 
2 
2 
3 
3 
13 
2.44 
-57 
9.5111 
1.8182 
0.0000 
0.0000 
0.4452 
0.3124 
0.3928 
0.3866 
0.3028 
-55 
3.11 
-55 
9.5111 
1.8182 
0.6828 
0.3525 
0.0000 
0. lse2 
0.0000 
0.0000 
0.3028 
-53 
o 
1 
o 
o 
3.95 
-53 
0.0000 
1.8182 
0.0000 
0.0000 
0.2226 
0.0000 
0.1309 
0.2577 
1.2112 
-51 
o 
o 
5.03 
-51 
0.0000 
0.0000 
0.6828 
0.0000 
0.2226 
0.0000 
0.1309 
0.1289 
0.0000 
~9 
o 
o 
o 
o 
o 
3 
2 
o 
o 
6.40 
~9 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.4686 
0.2619 
0.0000 
0.0000 
~7 
o 
o 
1 
o 
3 
o 
2 
1 
2 
8.15 
~7 
0.0000 
0.0000 
0.6828 
0.0000 
0 .6677 
0.0000 
0.2619 
0 .1289 
0.60se 
~5 
o 
o 
1 
1 
10.37 
-'15 
00000 
0.0000 
06626 
0.3525 
0.2226 
0 .0000 
0. 1309 
0.2577 
0.3028 
~3 
o 
o 
o 
o 
2 
2 
13.20 
~3 
0.0000 
0.0000 
00000 
0.0000 
0.4452 
03124 
0. 1309 
0. 1289 
0.0000 
~1 
o 
o 
o 
2 
o 
1 
2 
3 
1 
16.79 
~1 
0.0000 
0.0000 
0.0000 
0.7050 
00000 
0.1562 
0.2619 
0.3866 
0.3028 
-39 
C1 
o 
o 
o 
1 
1 
4 
2 
2 
10 
21.37 
-39 
0.0000 
0.0000 
0.0000 
0.0000 
0.2226 
0.1562 
0.5237 
0.2577 
0.6056 
-37 
o 
1 
1 
1 
1 
3 
2 
3 
13 
27.20 
-37 
0 .0000 
1.8182 
0.6828 
0.3525 
0.2226 
0.4686 
0.2619 
0.3866 
0.3028 
-35 
o 
o 
1 
1 
22 
34.62 
-35 
0.0000 
0.0000 
0.6628 
0.3525 
0.8903 
0.3124 
0.7856 
0.6443 
0.9084 
-33 
o 
o 
1 
1 
3 
3 
3 
11 
2 
24 
44.05 
-33 
0.0000 
0.0000 
0.6828 
0.3525 
0.6677 
0.4686 
0.3928 
1.4174 
0.6056 
-31 
o 
o 
2 
21 
56.06 
-31 
0.0000 
0.0000 
1.3655 
0.3525 
0 .2226 
04688 
1.0474 
05154 
0.60se 
-29 
18 
71 .35 
-29 
0.0000 
0.0000 
0.6828 
0.3525 
0.2226 
0.4686 
0.5237 
0.7731 
0.6056 
-27 
o 
2 
3 
24 
90.81 
-27 
0.0000 
3.6364 
2.0483 
0.3525 
0.2226 
0.4686 
0.6546 
1.0308 
0.3028 
-25 
o 
o 
12 
115.57 
-25 
0.0000 
0.0000 
0.6828 
0.0000 
0.8677 
03124 
0.5237 
0.2577 
0.0000 
-23 
o 
o 
o 
2 
12 
147.08 
-23 
0.0000 
0.0000 
0.0000 
0.7050 
0.2226 
0.3124 
0.3928 
0.3866 
0.3028 
-21 
o 
o 
o 
o 
2 
2 
o 
2 
o 
187.18 
-21 
0.0000 
0.0000 
0.0000 
0.0000 
0.4452 
0.3124 
0.0000 
0.2577 
0.0000 
tot.'1 0.000115 541 .6100 20 9462 34 .4117 433886 44 8848 344117 194501 19.4501 8.9770 13.4654 5.9846 7.4808 13.4654 10.4731 8.9770 13.4654 ,. 9616 19.4501 32.9155 35.9078 31 .4194 26.9309 359078 17 9539 17.9539 8.9770 
Actutllilh pe' ,t,.t. 
Run Ioccllion Time 
I Moki "",in ch.nn.1 10.00 
1 Moki mein chlnn.1 10.00 
1 Mokl meln chlnn.1 10:00 
1 Mokl meln ch.""ol 10:00 
1 Mokl .... 1n ch.nnol 10:00 
1 Moki meln ch.nn,1 10:00 
Depth str.t. 
min 
2 
10 
20 
30 
40 
50 
Tota l II 
for strilt. 
10 51 
20 188 
30 30 
40 
SO 
60 10 
Db 
.Q9 
1 
23 
3 
o 
o 
o 
~7 
9 
35 
4 
o 
o 
o 
~5 
9 
35 
11 
o 
o 
3 
~3 
18 
35 
7 
o 
o 
2 
~1 
6 
22 
3 
o 
-59 
14 
2 
o 
2 
o 
-57 
o 
17 
o 
o 
o 
1 
-55 
o 
II 
o 
o 
1 
1 
-53 
o 
o 
o 
o 
o 
2 
-51 
o 
o 
o 
o 
2 
o 
~9 
1 
o 
o 
o 
o 
o 
~7 
o 
o 
o 
o 
o 
o 
~5 
1 
1 
o 
o 
o 
o 
~3 ~1 
o 
o 
o 
o 
o 
o 
-39 
o 
o 
o 
o 
o 
o 
-37 
o 
o 
o 
o 
o 
o 
-35 
1 
o 
o 
o 
o 
1 
-33 -31 
o 
o 
o 
o 
o 
o 
-29 
o 
o 
o 
o 
o 
o 
-27 
o 
o 
o 
-25 
o 
o 
o 
o 
o 
o 
-23 
o 
o 
o 
o 
o 
o 
-21 
o 
o 
o 
o 
o 
o 
Run 
1 Mokl main r hannpi 10 00 
I MO"1 main channel 10 00 
1 Mokl main channel 1000 
1 Mok! main channel 1000 
60 70 
70 80 
80 90 
90 100 
fotal 
density per liralum (Tugetl/hectare) 
strata d f' pth 
loecatlon Time 
1 Moki ma tn channel 10 00 
1 Moki main channel 10 00 10 
1 Moki main channel 1000 20 
1 MOkt main channel 1000 30 
1 Moki ma In channel 10 00 40 
1 Mokl main channel 10 00 50 
1 Mokl rnaln ch llnnt'l 1000 60 
1 Moki millin channel 1000 70 
1 PAokl main channel 1000 eo 
90 
10 
20 
30 
40 
SO 
60 
70 
80 
90 
100 
24 
o 
32 4 2 7 
si r alum stralUm 057 
fish/mil 3 Flsh/Hec -69 
00065 520.0000 101 96 1 
0.0035 354 0000 43 3085 
o 0002 22 6000 2 2600 
00000 0 4060 00000 
0.0000 15100 00000 
o 0000 1 7200 0 0000 
o 0000 1 1500 0 0000 
o 0000 0 5200 0 0000 
o 0000 2 6000 0 0000 
0.0000 00000 ERR 
48 
o 
o 
o 
58 
1 
o 
65 37 
Length(cm)ITa'ge','.ength(Db) 
2 
o 
3 
o 
26 
073093 118151 1.92 
-67 
91 7647 
659043 
30133 
00000 
00000 
00000 
00000 
00000 
00000 
ERR 
-65 -63 -61 ·59 
917647 183.5294 61 1765 305882 
659043 65.9043 41 4255 263617 
8 2867 52733 22600 1 5067 
o 0000 0 0000 0 0000 0 0000 
00000 00000 02517 05033 
05160 0.344 0 00000 0.0000 
00000 02556 0 3833 0.2556 
o 0000 0 0000 0 0000 0 0000 
0.0000 01 083 02 167 03250 
ERR ERR ERR ERR 
I 
2 
o 
21 
2.44 
·57 
0.0000 
32.0106 
0.0000 
0.0000 
0.0000 
0. 1720 
0.0000 
0. 1040 
0.2167 
ERR 
II 
3 II 
· 55 
0.0000 
11 .2979 
00000 
0.0000 
0.2517 
0.1720 
0. 1278 
0. 1040 
01083 
ERR 
395 
·53 
00000 
00000 
00000 
00000 
0.0000 
03440 
0.0000 
0.0000 
0. 1083 
ERR 
5.03 6.40 
·51 -49 
0.0000 10. 1961 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.5033 0.0000 
0.0000 0.0000 
0. 1278 0.0000 
0.1040 0.0000 
0.1083 0. 1083 
ERR ERR 
8. 15 
-47 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
00000 
0.0000 
0.1083 
ERR 
10.37 
-45 
10.1961 
1.8830 
0.0000 
0.0000 
0.0000 
00000 
00000 
0.0000 
01083 
ERR 
13.20 
-43 
101961 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.2167 
ERR 
16.79 
-41 
00000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
00000 
01040 
0.0000 
ERR 
21 .37 
·39 
0.0000 
0.0000 
00000 
0.0000 
0.0000 
00000 
00000 
0.0000 
0.0000 
ERR 
27 .20 
· 37 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.3250 
ERR 
34.62 
·35 
10.1961 
0.0000 
0.0000 
0.0000 
0.0000 
01720 
0.0000 
0.0000 
0.2167 
ERR 
44 .05 
·33 
10. 1961 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.2,.17 
ERR 
56.06 
·31 
0.0000 
0.0000 
0.0000 
0.0000 
. 0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
ERR 
71 .35 
·29 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.1083 
ERR 
90 81 
· 27 
0.0000 
0.0000 
0.0000 
0.4060 
0.0000 
0 .0000 
0.0000 
0.0000 
00000 
ERR 
115.57 
·25 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
00000 
0.0000 
0 .0000 
0 .0000 
ERR 
147.08 
·23 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.1040 
0.0000 
ERR 
187. 18 
·21 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
ERR 
tot.I, 0000 1 904 .5060 753755 134 .0009 16 19177 181 .4595 1032924 72.5838 58.6254 30.7085 8.3751 13.9584 5.5834 2.7917 8.3751 8.375t 2.7917 0.0000 8.3751 11 . 1867 8.3751 0.0000 2.7917 2 .7917 0.0000 2.7917 0.0000 
Actual fiah per .tr~t.31 
O"plh o;llo1la l ola l ll Db 
Run Joc:cahon Time tor strata -69 
Run 
2 Moki main c.hannel 10 00 
2 "'oki main channel 10 00 
2 "'ok; main chlnnel 10 00 
2 "'okl mlin channel 10 00 
2 Mokl mlln chennel 10 00 
2 Mokl main chonnel 1000 
2 Mokl main channel 10:00 
2 Moki ma in channel 1000 
2 Moki main channel 10.00 
2 Moki main channel 10 00 
10 34 
10 20 107 
20 30 17 
30 40 5 
40 50 6 
50 60 21 
60 70 4 
70 80 12 
80 90 
90 100 
Total 7 14 
15 
19 
denllty per Itratum ( Targetl/hectarel 
strata depth stratum stra tum 0 57 
Joccatlon Time 
'2 Moki main channel 10 DC 
2 Mokl maIn dlannel 10 00 10 
2 Mokt main channel 1000 20 
2 Moki main channtl 10'00 JO 
2 Moki main channel 10 00 40 
'} Moki main channel 10 00 50 
2 Moki ma in channel 1000 60 
2 Moki main channel 10.00 ,0 
2 Mokl main channel 10 00 80 
90 
" shlm"3 Fishl1-4ec. --69 
10 00041 3288000 290118 
20 000 19 18G 0000 26 07 48 
30 . 0 000 I 12 2000 0.7176 
40 00000 
50 00000 
60 0.0000 
70 0 0000 
80 00000 
90 0 0000 
100 00000 
19100 
14100 
3 31 00 
0454 0 
1.0400 
07100 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
ERR 
-67 
5 
20 
2 
o 
o 
o 
I 
o 
o 
o 
28 
·65 
5 
28 
5 
o 
o 
1 
o 
o 
o 
o 
39 
-63 
5 
20 
1 
o 
o 
33 
-61 
10 
9 
2 
26 
Length(cm)ITargelstrength(Db) 
0.73 0.93 1. 18 1.51 
-67 -65 -63 -61 
483529 48.3529 483529 96 7059 
34 .7664 486729 34 7664 15 64 49 
1 4353 35882 43059 1.4353 
o 0000 0 0000 0 0000 0 3820 
00000 00000 0.0000 00000 
00000 0 1576 01 576 03 152 
01135 00000 00000 00000 
o 0000 0 0000 0 0867 0 0000 
00000 00000 00000 0 1775 
ERR ERR ERR ERR 
·59 
1 
o 
15 
1.92 
·59 
00000 
121682 
07176 
03820 
0.0000 
0.4729 
00000 
0.1733 
0.0888 
ERR 
·57 
11 
2.44 
·57 
9.6706 
10.4299 
0 .0000 
0 .0000 
0.0000 
03152 
0.0000 
0.0000 
0.1775 
ERR 
·55 
o 
I 
o 
I 
o 
I 
o 
3 
3 
o 
9 
3.11 
· 55 
0.0000 
1.7383 
0.0000 
03820 
00000 
0.1576 
0.0000 
0.2600 
0.2663 
ERR 
·53 
o 
o 
o 
o 
3.95 
·53 
0.0000 
00000 
0.0000 
0.0000 
0.2350 
0.9457 
0.0000 
0.0000 
0.0000 
ERR 
·51 
5.03 
· 51 
96706 
00000 
0.0000 
0.0000 
0.2350 
0.4729 
0.0000 
0.0867 
0.0000 
ERR 
-49 
o 
o 
o 
o 
2 
o 
6.40 
-49 
0.0000 
0.0000 
0.0000 
0.0000 
0.4700 
0.0000 
0. 1135 
0.0000 
0.0000 
ERR 
.4 i 
I 
a 
o 
o 
8.15 
-47 
9.6706 
00000 
0.0000 
0.0000 
0.2350 
0.0000 
0.0000 
0.2600 
0.0000 
ERR 
-45 
o 
o 
o 
2 
I 
I 
o 
o 
o 
1037 
-45 
0.0000 
0.0000 
0.0000 
0.7640 
0.2350 
0.1576 
0.0000 
0.0000 
0.0000 
ERR 
· 43 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
13.20 
-43 
0.0000 
0.0000 
00000 
0.0000 
0.0000 
0.0000 
00000 
0.0000 
0.0000 
ERR 
-41 
2 
o 
o 
16.79 
-41 
19.3412 
00000 
00000 
0.0000 
00000 
00000 
00000 
00867 
0.0000 
ERR 
·39 
1 
2137 
·39 
9.6706 
1.7383 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
ERR 
·37 
o 
o 
a 
o 
o 
o 
o 
o 
o 
o 
o 
27 .20 
· 37 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
ERR 
·35 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
34.62 
·35 
0.0000 
0.0000 
00000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
ERR 
·33 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
44.05 
·33 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
ERR 
·31 
o 
o 
o 
o 
o 
o 
2 
o 
o 
o 
2 
56.06 
·31 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.2270 
0.0000 
0.0000 
ERR 
·29 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
71 .35 
·29 
00000 
00000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
ERR 
· 27 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
90.81 
·27 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
ERR 
·25 
o 
o 
o 
o 
o 
1 
o 
I 
o 
o 
2 
liS 57 
·25 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0. 1578 
0.0000 
0.0&67 
0.0000 
ERR 
·23 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
147.08 
·23 
00000 
0.0000 
0.0000 
00000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
ERR 
·21 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
187.18 
·21 
0.0000 
00000 
0.0000 
0 .0000 
0 .0000 
0 .0000 
0 .0000 
0.0000 
0.0000 
ERR 
101.1. 00000 535 8340 47.57d0 701091 97 .6520 826286 6510 13 37.5585 27 .5429 22.5351 17.5273 15.0234 7.5117 12.5195 10.0156 0.0000 7.5117 5.0078 0.0000 0.0000 0.0000 5.0078 0.0000 0.0000 5.0078 0.0000 0.0000 
Actual fj.h per .trata 
Oeplh ,'ra'a Tola l ' Db 
Run laccat ion Time min for strata -69 
Run 
3 Moki moln channel 10 00 
3 Moki main ch lnne! 10 00 
3 "'010 moin chlnnel 10 00 
3 Moki ml in channel 10.00 
3 Moki ma in channel 10 00 
3 Moki ma In channel 10 00 
3 Mokl main channel 10.00 
3 Moki main channel 10 00 
3 Mokl main channel 1000 
3 Mokl main channel 10 00 
2 10 16 
10 20 45 
20 30 0 
30 40 0 
40 50 14 
50 60 17 
60 70 8 
70 80 8 
80 90 13 
90 100 0 
Tola l 121 
den, lty per It,.tum ( Target./hecta~) 
10 
s tr a tI depth s tratum stratum 0 57 
!occalion Tune 
3 Mokl main channel 1000 
3 Moki main ch annel 1000 10 
3 Mok' main channel 10 00 20 
3 Moki main channel 1000 30 
3 Mokl main channel 10.00 40 
3 MOk' mein channel 10 00 50 
3 Moki ma.n channel 10.00 60 
3 Moki main channel 10 00 70 
3 Mokl main channel 1000 60 
90 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
fi shlm"3 FishlHec. -69 
0.0025 200.0000 500000 
00010 1040000 138667 
0.0000 00000 ERR 
00000 00000 ERR 
0.0000 
0.0000 
0.0000 
00000 
00011 
00000 
41 500 
33700 
11300 
0.8780 
11 14000 
00000 
0 0000 
0.0000 
0.0000 
00000 
00000 
ERR 
-67 
5 
II 
-65 
3 
9 
o 
o 
o 
o 
o 
o 
o 
o 
12 
-63 
12 
-61 
o 
6 
Length(cm)ITargeistrenglh(Db) 
·59 
1 
7 
O ' 
o 
o 
2 
o 
2 
o 
o 
12 
073 0.93 1 18 1 51 1.92 
-67 -65 ·63 -61 ·59 
62.5000 37.5000 12.5000 00000 125000 
13.8667 20.8000 184889 138667 16.1778 
ERR ERR ERR ERR ERR 
ERR ERR ERR ERR ERR 
o 0000 00000 0.0000 0 5929 0 0000 
0.0000 0.0000 0 0000 0 1982 0.3965 
o 0000 0.0000 a 2825 0.0000 0.0000 
00000 0.0000 00000 00000 0.2195 
0.0000 00000 8 5692 00000 00000 
ERR ERR ERR ERR ERR 
·57 
o 
2 
o 
o 
3 
14 
2.44 
·57 
0.0000 
4.6222 
ERR 
ERR 
0.8893 
0.5947 
0.0000 
0.3293 
25.7077 
ERR 
·55 
o 
o 
o 
o 
3.11 
·55 
0.0000 
0.0000 
ERR 
ERR 
1.1857 
0.39C!5 
0.1413 
0.0000 
17.1385 
ERR 
·53 
o 
a 
o 
o 
2 
2 
2 
o 
1 
o 
7 
3.95 
· 53 
0.0000 
0.0000 
ERR 
ERR 
0.5929 
0.3965 
0.2825 
0.0000 
85692 
ERR 
·51 
o 
o 
o 
o 
5.03 
·51 
0.0000 
0.0000 
ERR 
ERR 
0.2964 
0.3965 
0.1413 
0.0000 
00000 
ERR 
-49 
o 
6.40 
-49 
0 .0000 
2.3111 
ERR 
ERR 
0.2964 
0.79211 
0.0000 
0.0000 
17 1385 
ERR 
-47 
o 
o 
o 
o 
o 
8. 15 
-47 
0.0000 
0.0000 
ERR 
ERR 
0.0000 
0. 1982 
0.0000 
0.0000 
00000 
ERR 
-45 
o 
o 
o 
o 
o 
o 
10.37 
-45 
0.0000 
0.0000 
ERR 
ERR 
00000 
0.0000 
0.0000 
0.0000 
0.0000 
ERR 
-43 
o 
o 
o 
13.20 
-43 
00000 
0.0000 
ERR 
ERR 
0.0000 
0.0000 
0.0000 
00000 
8.5692 
ERR 
-41 
o 
o 
o 
o 
16.79 
-41 
0.0000 
0.0000 
ERR 
ERR 
00000 
00000 
0.0000 
00000 
00000 
ERR 
·39 
o 
o 
o 
o 
o 
o 
o 
o 
2 
o 
2 
21 .37 
·39 
0.0000 
0.0000 
ERR 
ERR 
0.0000 
0.0000 
0.0000 
0.0000 
17 1385 
ERR 
·37 
o 
o 
o 
o 
o 
o 
2 
o 
o 
o 
2 
27.20 
·37 
0.0000 
0.0000 
ERR 
ERR 
0.0000 
0.0000 
02825 
00000 
0.0000 
ERR 
·35 
2 
o 
o 
o 
o 
o 
34.62 
·35 
25.0000 
0.0000 
ERR 
ERR 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
ERR 
·33 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
44.05 
·33 
0.0000 
0.0000 
ERR 
ERR 
0.0000 
0.0000 
0.0000 
00000 
00000 
ERR 
·31 
o 
o 
o 
' 0 
o 
o 
o 
o 
o 
a 
o 
56.06 
·31 
0.0000 
0.0000 
ERR 
ERR 
0.0000 
00000 
0.0000 
00000 
00000 
ERR 
·29 
a 
a 
o 
o 
o 
o 
o 
71 .35 
· 29 
00000 
0.0000 
ERR 
ERR ' 
0.0000 
0.0000 
0.0000 
0.1098 
00000 
ERR 
·27 
o 
a 
o 
o 
90.81 
· 27 
0.0000 
0.0000 
ERR 
ERR 
0.2964 
0.0000 
00000 
00000 
00000 
ERR 
·25 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
115.57 
·25 
0.0000 
0.0000 
ERR 
ERR 
0.0000 
0.0000 
0.0000 
0.0000 
00000 
ERR 
· 23 
o 
o 
o 
o 
o 
o 
o 
o 
1 
o 
147.08 
·23 
0.0000 
0.0000 
ERR 
ERR 
0.0000 
0.0000 
0.0000 
0.0000 
8511112 
ERR 
·21 
o 
o 
o 
o 
o 
o 
o 
2 
o 
o 
2 
187.18 
·21 
0.0000 
0.0000 
ERR 
ERR 
0.0000 
0.0000 
0.0000 
0.2195 
0.0000 
ERR 
tot.I, 00000 424 .9280 35.1180 386298 42. 1416 42 . 1416 31 6062 42. 1416 49.1652 31 .6062 24.5826 14.0472 28.0944 3.5118 0.0000 3.5118 0 .0000 7.0236 70236 7.0236 0.0000 0.0000 3.5118 3.5118 0.0000 3.5118 7.0238 
Aciua' n.h per .t .. ta 
Run k:.ccation Time 
J 
4 Mokl main channel 10.00 
4 "'okl main chlnnel 10.00 
4 "'old mlin chlnnel 10:00 
4 "'ok! main channa' 1000 
Deplh s'r.'. 
m in 
10 
20 
30 
Tolal. 
for strata 
10 47 
20 120 
30 
40 
Db 
-69 
3 
-67 
6 
26 
o 
o 
-65 
18 
-63 
14 
20 
-61 
10 
25 
o 
o 
·59 
3 
1 
·57 
2 
8 
1 
o 
·55 
o 
5 
o 
o 
· 53 ·51 
o 
-49 
o 
o 
o 
o 
-47 
o 
o 
o 
o 
-45 
o 
o 
o 
a 
-43 
o 
o 
o 
o 
-41 
o 
o 
a 
o 
·39 
o 
a 
o 
a 
·37 
o 
o 
o 
o 
·35 
o 
a 
o 
2 
~ 
·33 
o 
o 
a 
o 
·31 
o 
o 
o 
o 
·29 
o 
o 
o 
o 
·27 
o 
o 
o 
o 
·25 
o 
o 
o 
o 
·23 
o 
o 
o 
a 
· 21 
o 
o 
o 
o 
I 
.. M okl melln channel 1000 40 50 6 0 
4 Mokl m lln channel 10.00 50 60 ]9 1 1 4 
" Moki main channel 10:00 60 70 5 0 1 1 0 
4 Moki INi" channel 10:00 70 80 ; 0 2 2 1 
.. M okl ma in chlnnl' 10:00 80 ;0 22 0 0 0 1 1 2 
.. ~okj main chann.' 10·00 ;0 100 0 0 0 0 0 0 0 0 
Tol., 241 10 33 30 3; 4] 16 18 12 
denl Uy P4' .tratum (Target,/hectlr.) Llnglh(cm)fTargel,'renll'h(Db) 
.'ro' . deplh Ilretum stratum 057 0.73 0;3 1.18 1.51 U2 2.44 3.11 3.95 
«un k>ccatlOn Tim. fidtlm 4 3 Fi'IVHec. -lI9 ~7 -liS -83 -lI1 -59 -57 -55 -53 
.4 Moki mlln channel 10.00 10 0.0047 375.2000 23.9489 47.8979 63.8638 111 .7617 79.8298 23.9489 15.9680 0 .0000 7.9830 
4 MolJ m.on chann.1 1000 10 20 0.0019 190.0000 11.0833 41 .1667 28 .5000 31.6667 39.5833 12.6667 12.6667 7.9167 3.1667 
4 Moki m,in channel 10.00 20 30 00000 0.6290 00000 0.0000 0 .0000 0.0000 00000 0.0000 082;0 0.0000 0.0000 
.. Mokl ma in chann.1 10.00 30 40 00000 0.6510 0.0000 0.0000 00000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
" Mokl main channel 1000 40 50 0.0000 12700 0.0000 0.0000 0.0000 0.0000 02'17 0.0000 0.0000 0.0000 0.2'17 
C MokJ main channl' '000 50 60 0.0000 467,)0 0.0000 016'0 0.1610 0.483' 0.3221 0.18'0 0.11441 0.8441 0.8052 
4 Mokl m.in chann.' 10.00 60 10 00000 0.59'0 00000 00000 0.1\82 0."82 0.2364 0.1\82 0.0000 0.0000 0.0000 
" Moki main chart".1 10.00 70 80 0.0000 0.7990 0 .0000 0.0000 0.1776 00000 0.1778 0.1778 0.0888 0.0888 0.0000 
.. ~oki main chann.' '0:00 80 90 0.0000 1.9600 00000 00000 00000 0.0891 0.0000 0.0891 0.1782 0.1782 0.0000 
90 '00 0.0000 0.0000 ERR ERR ERR ERR ERR ERR ERR ERR ERR 
totall 00001 5751100 238909 78.8399 7161]8 93.1744 '00.3417 382254 43.0038 28.6690 21.50'8 
5.03 6.40 8.15 10.37 13.20 18.79 21.37 27.20 
-51 ~9 ~7 ~5 ~3 ~I -39 -37 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
1.5833 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 00000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.2'17 0.0000 0.0000 0.0000 0.0000 
0.644' 0.3221 0.1810 0.1610 0.0000 0.0000 0 .0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0891 0.0891 0.2673 0.1782 0.0000 0.0891 0.0891 0.08111 
ERR ERR ERR ERR ERR ERR ERR ERR 
14.3345 7.1673 95563 9.5563 0.0000 2.3891 2.389' 2.3891 
3-4.82 " .05 56.06 71 .35 
-35 -33 -31 -29 
0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0 .0000 0.0000 
0.0000 0.0000 0.0000 0.0000 
0.8510 0.0000 0 .0000 0 .0000 
0.2117 0.0000 0.0000 0.2'17 
0.0000 0 .0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 
0.0000 0 .0000 0.0000 0.0000 
0.1782 0.0000 0.1782 0.0000 
ERR ERR ERR ERR 
11 .94504 0.0000 4.7782 2.38;1 
;0.81 
-27 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
ERR 
0.0000 
1\5.57 
-25 
0.0000 
0.0000 
0.0000 
0.0000 
0.2117 
0.0000 
0.0000 
0.0000 
0.0000 
ERR 
2.38111 
,......c 
,......c 
,......c 
147.08 187.18 
-23 -21 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0888 0.0000 
0.08111 0.0891 
ERR ERR 
4.7782 2.38111 
APPENDIX 2. 
Lake Powell Hydroacustics Gathered April 20-21, 1996 
Summary data 
Over all densties for each size class ( targets/hectare) 
location Site .5-1 .5 1.9-5.0 6.4-187 Tot Dns. 
Halls 0.5 439.518 1648.193 952.289 3040.000 
Halls 0.5 661.867 1213.422 606.711 2482.000 
Halls 199.070 477.767 179.163 856.000 
Halls 1 113.400 163.800 365.400 642.6 
Halls 2 28.140 37.520 28.140 93.800 
Halls 2 71 .556 71.556 132.889 276.000 
Halls 4 115.620 49.552 68.428 233.600 
Halls 4 93.653 193.040 187.306 474.000 
Halls Mn 7 164.077 174.896 27.046 366.019 
Halls Mn 7 14.692 25 .859 86.979 127.530 
Halls Mn 7 56.485 65.899 88.912 211 .296 
Moki 2 4954.286 867.000 1114.714 6936.000 
Moki 2.5 706.332 140.188 145.580 992.100 
Moki 3 447.410 103.249 172.081 722.740 
Moki 3.8 254.533 101 .813 208.254 564.600 
Moki 4.5 236.122 76.877 161.991 474.990 
Moki 5.5 403.495 85.112 387.733 876.340 
Moki 6 178.043 67.327 296.240 541.610 
Moki Mn 7 656.046 184.251 577.879 1418.176 
Moki Mn 7 363.065 120.187 310.483 793.735 
Moki Mn 7 189.637 161 .543 207.196 558.376 
Moki Mn 7 367.919 145.734 346.418 860.071 
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CHAPTER EIGHT 
Fish Abundance Measured in Gill Nets 
By Neal Espinosa 
Chapter 8 - Fish Abundance Measured in Gill Nets 
ABSTRACT 
This project was intended to determine if the side canyons and tributaries of Lake Powell were 
more productive than the main channel and to see if a fish biomass gradient exists. Gill net catches 
of the Utah Division of Wildlife Resources set at three main channel sites were compared with 
catches in two side canyons (Moki and Halls). Data collected from fish caught in the nets include: 
length, weight, and stomachs. This was converted to catch / net night, biomass / net night, and 
stomach contents percentages of the piscivores in the reservoir. There was no significant 
difference in catch rates between the side canyons and the main channel, but anomolous catch rates 
in 1996 in Padre Bay may have obscured the relationship. Condition factors of walleye were 
unexpectedly higher in Padre Bay than at other main channel sites. Extreme winds and unforeseen 
time constraints led to many difficulties in collecting data, which complicated hypotheses testing. 
INTRODUCTION 
Lake Powell is a very dendritic reservoir with a very high shoreline development ratio . It is 
hypothesized by Gustaveson (a fisheries biologist for the Utah Department of Wildlife Resources), 
that the numerous side ci;Ulyons and tributaries are more productive than the main-stem of the 
Colorado River (Wurtsbaugh, personal communication). The littoral zone is important to fish, 
especially the larval forms which feed on high invertebrate concentrations in the littoral zones of 
lakes (Gascon and Legget 1977). As the lake filled after the completion of Glen Canyon Dam, the 
inundated brush decomposed and disappeared, which caused a decline in spawning and nursery 
habitat for fish in the littoral zone (Gustaveson et al. 1990). Lake Powell, with its steep walls that 
form the shore line, is littoral-zone limited due to the scarcity of complex habitat. Gustaveson et 
al. (1990) reported that spring gill netting best describes the relative abundance of walleye and 
largemouth bass, while underestimating the abundance of striped bass, smallmouth bass, and other 
species (fall netting provides better population abundances for the underestimated species). One 
justification for Gustaveson's reasoning is that striped bass spawn from mid-April to early June, 
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and will be missed by our spring gill netting. Optimally, a fall gill netting should be accomplished 
as well, but this was not possible due to funding, time, and graduation for the majority of the 
student researchers. 
Gascon and Legget (1977), showed that a nutrient gradient in Lake Memphremagog led to a 
trophic gradient of primary and secondary production which caused the observed changes in 
relative biomass, and patterns of resource utilization in the littoral zone fish community of the lake. 
Similarly, data from Gustaveson et al.(1985) indicate that fish abundance increases upstream 
towards the Colorado River inflow. The Colorado River delivers nutrients and sediments, creating 
- a distinctive nutrient gradient in Lake Powell (Gloss et al. 1980). The sheer walls of Navajo 
sandstone surrounding the lake limits wind mixing in the reservoir (Stanford and Ward 1990). 
Lake Powell is a monomictic lake that mixes from January to March in the upper 60 meters 
(Stanford and Ward 1990; Merrit and Johnson 1979). 
There were three main questions of interest for my portion of the Lake Powell research. The 
first, how does the abundance of the primary and secondary piscivorous fish change between the 
side canyons and the main channel of Lake Powell? Fish expected to be ca,ught in the gill nets 
included: walleye (Stizostedion vitreum), largemouth bass (Micropterus salmoides), smallmouth 
bass (Micropterus do!omieue) , striped bass (Morone saxtilis), channel cat fish (Ictalurus 
punctatus), yellow bullhead (Ictalurus natalis), threadfin shad (Dorosoma petenense), and carp 
(Cyprinus carpio) . Secondly, what are the diets of the principal predators along the gradient along 
the reservoir? The third question deals with the slope of the length-weight regression line. The 
slope was used to indicate the condition of the main predator to determine if a gradient existed in 
feeding opportunity along the trophic axes of the reservoir. I predicted that the highest condition 
factors would be near the inlet of the Colorado River and decrease toward the dam. This decrease 
may be due to the lack of nutrients and the lower amount of food near the Glen Canyon Dam. 
These objectives can be summarized in the following hypotheses: 
Ho 1: There is no difference in the abundance of primary and secondary carnivorous fish 
between the side canyons and the main channel of Lake Powell. 
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Ha 1: There is a difference in the abundance of primary and secondary carnivorous fish 
between the side canyons and the main channel of Lake Powell. 
Ho2: The diets of the principal predators do not change along the gradient of the reservoir. 
Ha2: The diets of the principal predators do change along the gradient of the reservoir. 
Ho3: There is no difference in the condition factors of walleye along the gradient. 
Ha3: There is a difference in the condition factors of walleye along the gradient. 
METHODS 
Nets were set in Moki Canyon and Halls Creek Bay (see Figure 1). Unfortunately, gill net 
catches were not measured in the main channel due to untimely constraints of other projects, and 
high storm winds that tangled nets set in the main channel. Sampling included monofilament line 
experimental gill nets with mesh sizes of76, 51, 32, 25, and 19 mm that were 30 meters long and 
1.8 meters deep. The gill nets were set with the small mesh size anchored on shore and 
perpendicular to the shore line with the largest mesh size extending toward the middle of the 
channel. Nets were set at dusk, and retrieved the next morning to measure the total catch. At 
dawn, each fish was removed from the nets, measured (total length and standard length), weighed 
(in grams) and stomach contents was taken. Stomach samples were taken with either a stomach 
pump (plastic tubing attached to a syringe, flushed with water and collected in a pan), or by 
dissection. Stomach samples were preserved 95% ETOH and analyzed in the laboratory at Utah 
State University. 
Additional gill net data from March 1996, was received from the Utah Department of Wildlife 
Resources (UDWR) to supplement the data collected by the USU students. The main channel 
sites ofUDWR include Padre Bay, Rincon, and Good Hope Bay and one side canyon in the San 
Juan - near Cha Canyon. This additional data created a data set of three main canyon sites and 
three side canyon sites to compare main channel gradient and side channel to main channel 
differences. 
At each site, data was standardized to enable statistical comparisons of variance and 
in~ependent t-tests. Biomass was calculated in fish biomass (kg) per net-night and standard errors 
(sample SDI nih) were estimated for each site. Standard lengths and weights of piscivorous walleye 
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were converted to In-units and a In-length, In-weight regression was made for main channel 
locations. These regressions were overlain on the same graph to determine if a condition factor 
(slope of regression line) gradient existed along the reservoir. 
The primary predatory fish stomach samples were tabulated into three main categories: 
Empty, fish, and crayfish. Site data were used to see if a diet content gradient exists. 
RESULTS 
Our study was intended to measure the differences between the main channel and the side 
canyons of Lake Powell. Strong winds were encountered during most of the sampling period 
which caused problems for most of the research projects. Unfortunately only a small number of 
gill nets were set, making comparison of the UDWR data difficult. 
Consequently, we were unable to vigorously test the first hypothesis. This was due to the lack 
of zooplanktivores caught in the gill nets. The side canyon gill nets set by the USU research team 
caught no zooplaktivores and the UDWR caught only few. Therefore, biomass (kg/net night) was 
estimated for other fishes in the main canyon and side canyon sites. The mean biomasses were 
separated into four categories (walleye, bass species, carp, and other [which includes sunfish and 
catfish]). 
Mean catch rates in the gill nets varied from 1-5 kg/net night (Figure 2), and from 1-7 fish/net-
night (Figure 3). In the main channel sites walleye dominated the catches, whereas in the side 
canyons bass and carp were relatively more abundant. With the exception of the unexpected high 
catch rate in Padre Bay, catch rates were higher in the side canyons than in the main channel. 
However, the t-test analysis indicated that there was no significant difference (p=O.75) between the 
biomass of the side canyons and the main appendix. A t-test was also performed on the number of 
fish caught per net night in the side canyons and the main channel. These results also showed no 
significant difference between the two site categories. 
The second hypothesis, testing gut content of the major predators along the gradient could not 
be tested. This was due to the lack of fish caught in the side canyons. A summary of diet 
information is given in Figures 4-6. When all bass gut data was combined, crayfish abundance 
appears to increase toward the inlet of the Colorado River. Empty stomachs were found in many 
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fish in both canyon and main channel sites. In the main channel, 620/0 to 800/0 of the walleye had 
empty stomachs, and 20% - 38% of the stomachs contained fish. In Halls Creek, 100% of the 
piscivores had fish in their stomachs, but the sample size was only I fish. 
The mean condition factor of walleye in Padre Bay was higher (3 . 19) than at the other two 
main channel sites (2.95-2.97; Figures 7-11) This trend goes against the initial hypothesis that fish 
condition factors should increase toward the more productive inlet of the Colorado River. 
Fish biomass was also compared to zooplankton and chlorophyll a data. Since the USU 
research team did not survey the main channel location,. zooplankton and chlorophyll data was 
used from Wurtsbaugh et al. (1992). The highest biomass occurred at Padre Bay (5 .34 kg/net 
night) which had the lowest total chlorophyll a concentration (0.7 mg/m3)and lowest settled 
zooplankton volume (18 ml). Rincon had a biomass of 1.4 kg/net night, chlorophyll a of 1 mg/m3, 
and 1.5 ml of settled zooplankton volume. Good Hope Bay had the lowest biomass (0.72 kg/net 
night), the highest chlorophyll a (4.7 mg/m3), and the largest amount of settled zooplankton (37 
ml) (Figures 12 and 13). 
DISCUSSION 
The results from the gill netting were highly variable. Gill nets are intended to measure 
abundance of organisms, but gill nets are better at measuring the activity of fish (Nielsen and 
Johnson 1983). The gill nets set by the USU researchers caught a low diversity offish (carp, 
largemouth bass, and striped bass). Gill nets set by the UDWR had a greater diversity and 
included: walleye, large and smallmouth bass, striped bass, bluegill, channel catfish, yellow 
bullhead, green sunfish, carp, and a flannel mouth sucker (Catostomus latipinnis) . The catch per 
net of the side canyons were; 3.0 at Halls Creek.(+-I SE of 1.0), 2.33 in San Juan Canyon (+-
0.93), and 7.5 in Moki Canyon (+-. 4.5) . The catch per net for the main channel were; 1.25 at 
Rincon (+- 0.22), 1.05 at Good Hope Bay (+- 0.27), and 7.75 at Padre Bay (+- 0.93). The catch 
rate in Padre Bay was unusually high: catch per net in March 1990 was 1.20 (Gustaveson et al. 
1991). If 1996's unusually high catch rate was discarded, the side channels would have greater 
abundances. 
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Padre Bay had an unusually high catch rate this year. The inventory by the UDWR took place 
through the 5th and 6th of March, 1996. One explanation for this may be that the water 
temperature was not warm enough to initiate spawning of striped bass. Mature fish spawn in the 
confluence of the Colorado River to Cataract Canyon. Spawning is triggered by increasing water 
temperatures between 15-18° C (Gustaveson et al. 1990). Striped bass also congregate near the 
Glen Canyon Dam prior to the spawning run (Gustaveson et al. 1990, 1991). Walleye and 
smallmouth bass catch rates were very high in Padre bay (4.45 and 2.00 respectively) . These 
numbers are greater from Gustaveson' s 1990 data, 0.30 catch per net of walleye and 0 for 
smallmouth bass. 
A large number of piscivore stomachs were empty, which is not an unusual occurrence 
(Bowen 1983). Fish can digest their prey while caught in the net and some regurgitate stomach 
contents when captured by stressful techniques such as gill netting (Bowen 1983). In the spring of 
1990, walleye had 74% empty stomachs (Gustaveson 1991) compared to 80% in 1996. Our gill 
net stomach samples are similar to the late 80's and 1990 data of Gustaveson et al. (1991 , 1992). 
Due to the odd Padre Bay data, we failed to reject our null hypothesis that walleye's condition 
factor would increase towards the inlet of the Colorado River. The higher condition factors in 
Padre Bay were unexpected. Because we did not sample this station, we do not have any other 
data to explain these condition factors (i.e. zooplankton densities, chlorophyll a concentration, 
etc.) . 
. The biomass/net night comparisons with the zooplankton and chlorophyll a data from 1992 
show the opposite trend from the expected ones. A gradient is not shown with the data used, 
because of the unusually high catch at Padre Bay. Unfortunately we could not have collected more 
data at more sites due to weather conditions and time restrictions. It would be ideal if we had 
more funding and time to allow for more data collection. 
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Gill net data collected by UDWR and Zooplankton data collected by Wurtsbaugh et al. 1992. 
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Gill net data collected by UDWR and Chlorophyll a data collected by Wurtsbaugh et al. 1992. 
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-Padre Bay tota Rincon total GHbay sanjuan Halls Cr. tota l Moqui Ca . total 
biomass(kg)/ biomass/ tot.bioml biomassl biomass(kg)1 biomass(kg )/ 
seecies net ni~ht net night net night net ni~ht net ni9ht net ni9ht 
WAE 3.365 0.000 0.725 0.687 0.000 0.000 
BASS 1.912 0.000 0.074 0.000 1.710 1.983 
CARP 0.035 0.000 0.052 0.330 1.262 2.885 
OTHER 0.068 0.000 0.015 0.000 0.000 0.000 
total biomass 5.3802 0.000 0.866 1.01 7 2.972 4.868 
2 standard error 1.607 0.000 0.340 0.328 0.877 1.453 
fish biomass/ zooplankton Chi a mg/m"3 
site net ni9ht ml 
22 5.38 17.00 0.8 
73 1.36 34.00 1.0 
118 0.87 38.00 4.7 Padre Bay Rincon Good Hop San Juan Halls Cr. Moqui Cr. 
CPUE 7.75 1.25 1.05 2.35 3.0 7.5 
PB=Padre Bay RN=Rincon GH=Good Hope Bay SE 0.93 0.22 0.27 0.42 1.0 4 .5 
main channel 
side canyons Rincon 
Halls Cr. SPECIES frequency CPE SE 
walleye 13 1.25 0.22 
species frequen~ CPE SE sm m bass 3 
carp 4 3.0 1.0 Ig m bass 5 
Ig m bass 1 blue gill 
stripped bass channel cat 
blue gill 
moqulcanyon channel cat 
species frequenc~ CPE SE flannel mouth 1 
Ig m bass 1 7.5 4.5 total 26 
carp 7 Good Hope Bay 
stripped bass 7 species frequency CPE SE 
walleye 15 1.05 0.27 
statistics for catch per net night Ig m bass 2 
main side channel cat 
t-Test: Two-Sample Assuming Unequal Variances gr. sunfish 
Variable 1 Variable 2 carp 
Mean 3.350 4.283 total 20 
Variance 14.530 7.866 San Juan - Cha Cyn area 
Observations 3.000 3.000 SPECIES frequen~ CPE SE 
Pearson Correia -0.618 stripped bass 7 2.35 0.42 
Pooled Variance 11.198 walleye 16 
df 4.000 Ig m bass 8 
t -0.342 sm m bass 6 
P(T <=t) one-tail 0.375 blue gill 2 
t Critical one-tail 2.132 channel cat 2 
P(T <=t) two-tail 0.750 yellow bullhea . 1 
t Critical two-tail 2.776 carp 4 
green sunfish '1 
main channel side channel total 47 
Row 1 Row2 
Padre Bay 
Mean 2.534 Mean 3.353 
Standard Error 1.430 Standard Err 0.787 species frequency CPE SE 
Median 1.355 Median 2.972 walleye 89 7.75 0.93 
Mode NA Mode . NA stripped bass 3 
Standard Deviati 2.477 Standard De 1.364 Ig m bass 2 
Variance 6.136 Variance 1.860 sm m bass 40 
Kurtosis ERR Kurtosis ERR channel cat 3 
Skewness 1.656 Skewness 1.161 green sun fish 1 
Range 4.514 Range 2.646 blue gill 
Minimum 0.866 Minimum 2.221 carp 
Maximum 5.380 Maximum 4.868 total 140 
Sum 7.602 Sum 10.060 
Count 3.000 Count 3.000 
Confidence lev 2.803 Confidence 1.543 
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Padre Bay 21 march 96 
site date net # cau2ht mean SE total mean 
s~jes biomass (kg) Padre Bay 21 marCh 9 1 9 7.90 1.41 7.75 
walleye 32.573 2 7 total SE 
stripped bass 2.607 3 3 0.93 
Ig m bass 1.398 4 5 
sm m bass 10.494 5 10 
channel cat 1.257 6 15 
green sun fish 0.069 7 8 
blue gill 0.040 8 3 
carp 1.668 9 4 
10 15 
Padre Bay 22 march 9 1 5 7.6 1.28 
Padre Bay 2 10 
3 1 
s~ecies biomass (k9) 4 4 
walleye 34 .733 5 7 
sm m bass 13.712 6 14 
stripped bass 5.011 7 11 
8 6 
9 6 
10 12 
San Juan - Cha Cyn area 
site date net # cau2ht mean SE total mean 
species biomass (k2) San Juan 12 march 9 1 2 2.10 0.55 2:35 
stnpped bass 9.414 2 6 total SE 
walleye 4.146 3 0.42 
Ig m bass 2.238 4 3 
sm m bass 1.092 5 2 
blue gill 0.261 6 2 
channel cat 0.257 7 1 
yellow bullhead 0.340 8 0 
carp 4 .731 9 0 
10 2 
s~ecies biomass (k~~ San Juan 13 march 9 1 2 2.60 0.65 
stripped bass 5.032 2 6 
carp 1.860 3 1 
walleye 9.595 4 3 
Ig m bass 3.757 5 0 
sm m bass 2.123 6 3 
bluegill 0.181 7 3 
green sunfish 0.216 8 
channel cat 0.235 9 
10 6 
site date net # cau~ht mean SE TOTAL MEAN 
good hope 5 march 96 1 2 0.80 0.29 1.05 
s~ecies biomass (k2~ 2 1 TOTAL SE 
walleye 0.000 3 0 0.27 
channel cat 0.252 4 2 
gr. sunfish 0 .044 5 0 
carp 1.045 6 0 
7 2 
8 0 
9 0 
10 1 
good hope 6 march 96 1 2 1.30 0.45 
2 1 
3 5 
4 1 
5 0 
6 1 
7 0 
8 
9 
10 
site date net # cau~ht mean SE 
Rincon 7 march 96 1 3 1.60 0.34 
2 1 
s~es biomass (k~~ 3 1 
walleye 6.465 4 1 
sm m bass 1.301 5 1 
Ig m bass 2.262 6 3 
blue gill 0.114 7 1 
channel cat 0.705 8 0 
9 3 
10 2 
s~es biomass (k2~ Rincon 8 march 96 1 1 0.90 0.23 
walleye 3.963 2 1 
19 m bass 1.254 3 1 
sm m bass 0 .721 4 1 
carp 2.133 5 0 
flannel m sucke 6 2 
7 0 
8 1 
9 2 
10 0 
UDWR site 
padre bay 
Rincon 
Good Hope Bay 
padre bay 
Rincon 
Good Hope Bay 
side canyon site 
Halls Cr 
Moqui 
San Juan 
walleye Qut content % 
empty fish 
0 .80 
0 .62 
0 .80 
0.20 
0.38 
0 .20 
# offish 
empty 
72 
8 
12 
all bass gut content % 
empty 
0 .40 
0 .22 
0.50 
stripped bass gut content % 
fish empty 
1 0 
0 .14 0 .29 
0.12 0.88 
crayfish fish 
0.26 0 .32 
0.45 0.33 
0.50 0 
zoops 
o 
0.57 
o 
# of fish 
1 
7 
16 
130 
fish 
18 
5 
3 
# offish 
zoops 
0 .02 
o 
empty 
o 
17 
2 
crayfish 
11 
4 
fish 
14 
3 
o 
zoops 
1 
o 
o 
rincon tot length (mm) weight (g) regres. line . Regression Output: 
Constant -950.264 
walleye 361 440 523.588 Std Err of Y Est 63.87594 
walleye 429 820 801 .212 R Squared 0.946972 
walleye 445 930 866.535 No. of Observations 13 
walleye 456 990 911.4~4 Degrees of Freedom 11 
walleye 452 874 895.114 
walleye 404 600 699.144 X Coefficient(s) 4.082694 
walleye 430 753 805.294 Std Err of Coef. 0.291297 
walleye 461 899 931.858 
walleye 254 159 86.740 
walleye 487 1087 1038.008 
walleye 481 1071 1013.512 
walleye 489 998 1046.173 
walleye 431 807 809.377 
good hope bay tot length (mm) weight (g) regres. line Regression Output: 
Constant -2194.33 
walleye 473 967 1072.163 Std Err of Y Est 89.77041 
walleye 457 945 961.669 R Squared 0.89047 
walleye 388 589 485.162 No. of Observations 15 
walleye 420 800 706.151 Degrees of Freedom 13 
walleye 555 1782 1638.447 
walleye 466 1063 1023.822 X Coefficient(s) 6.905896 
walleye 473 978 1072.163 Std Err of Coef. 0.671747 
walleye 444 881 871.892 
walleye 474 1160 1079.069 
walleye 450 930 913.328 
walleye 463 826 1003.104 
walleye 455 919 947.857 
walleye 426 761 747.586 
walleye 461 965 989.293 
walleye 461 935 989.293 
San Juan - Cha Cyn area tot length (mm) weight (g) regres. line Regression Output: 
walleye 485 1038 1073.784 Constant -1299.16 
walleye 470 1005 1000.394 Std Err of Y Est 80.69973 
walleye 445 834 878.077 R Squared 0.876619 
walleye 405 560 682.371 No. of Observations 16 
walleye 418 709 745.975 Degrees of Freedom 14 
walleye 480 1221 1049.321 
walleye 480 1168 1049.321 X Coefficient(s) 4.892668 
walleye 440 901 853.614 Std Err of Coef. 0.49057 
walleye 460 968 951.467 
walleye 474 894 1019.965 
walleye 454 877 922.111 
walleye 426 794 785.117 
walleye 414 710 726.405 
walleye 428 808 794.902 
walleye 464 939 971.038 
walleye 314 315 237.138 
Padre Bay tot length (mm) weight (g) regres. line Regression Output: 
walleye 405 685 760.955 Constant -1161.86 
walleye 466 1000 1050.565 Std Err of Y Est 108.8764 
walleye 406 694 765.703 R Squared 0.804161 
walleye 453 905 988.845 No. of Observations 89 
walleye 392 659 699.235 Degrees of Freedom 87 
walleye 397 628 722.974 
walleye 370 505 594.786 X Coefficient(s) 4.747703 
walleye 408 723 775.198 Std Err of Coef. 0.25119 
walleye 418 813 822.675 
walleye 400 641 737.217 
walleye 406 717 765.703 
walleye 334 411 423.868 
walleye 419 761 827.423 
walleye 441 938 931 .873 
walleye 433 833 893.891 
walleye 485 1216 1140.772 
walleye' 400 641 737.217 
walleye 440 969 927.125 
walleye 389 617 684.992 
walleye 431 760 884.396 
walleye 428 1102 870.152 
walleye 427 936 865.405 
walleye 264 159 91 .529 
walleye 487 1188 1150.267 
walleye 411 785 789.442 
walleye 462 1171 1031 .574 
walleye 408 689 775.198 
walleye 458 1037 1012.584 
walleye 512 1528 1268.960 
walleye 476 1186 1098.042 
walleye 422 785 841.666 
walleye 405 675 760.955 
walleye 421 826 836.919 
walleye 420 806 832.171 
walleye 402 689 746.712 
walleye 433 852 893.891 
walleye 386 633 670.749 
walleye 400 725 737.217 
walleye 402 767 746.712 
walleye 453 918 988.845 
walleye 438 960 917.030 
walleye 425 829 855.909 
walleye 426 833 860.657 
walleye 417 755 817.928 
walleye 445 888 950.863 
walleye 306 345 290.933 
walleye 242 118 -12.920 
walleye 474 1241 1088.547 
walleye 365 559 
-
571.047 
walleye 246 139 6.070 
walleye 460 1140 1022.079 
walleye 410 770 784.694 
walleye 495 625 1188.249 
walleye 400 685 737.217 
walleye 470 1140 1069.556 
walleye 460 1040 1022.079 
walleye 455 1099 998.340 
walleye 450 1060 974.602 
walleye 410 790 784.694 
walleye 410 785 784.694 
walleye 415 760 808.432 
walleye 448 1100 965.107 
walleye 460 1005 1022.079 
walleye 420 898 832.171 
walleye 395 697 713.478 
walleye 437 797 912.882 
walleye 450 1160 974.602 
walleye 410 752 784.694 
walleye 420 895 832.171 
walleye 390 652 689.740 
walleye 440 938 927.125 
walleye 425 870 855.909 
walleye 417 875 817.928 
wa!/eye 407 780 770.451 
walleye 428 743 870.152 
walleye 395 740 713.478 
walleye 387 685 675.497 
walleye 480 1046 1117.033 
walleye 425 856 855.909 
walleye 455 852 998.340 
walleye 425 974 855.909 
walleye 437 1218 912.882 
walleye 462 982 1031.574 
walleye 435 980 903.386 
walleye 374 540 613.777 
walleye 427 922 865.405 
walleye 415 767 808.432 
walleye 490 1390 1164.510 
walleye 418 725 822.675 
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